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NEW AND LITTLE-KNOWN INVERTEBRATA FROM 
THE NEOCOMIAN OF KANSAS.* 

By F. W. Cbagin, Colorado Springs, Colo. 

The Inverlt'brata ln^nMn tn'atjul w«t«' coll«'Ct«'d bv tli<' writer in Kiowa 
and (.'lark count i«»s, Kansas. 

The •'Bolvi(l«?re section" referred to below, is that shown in the ex- 
|M»sures on the south side of the Medicine Lodj^i* river, in the .*<outh- 
♦'astern part of Kiowa county, at Helvidere. It was first described in 
.lanuary. 1881), in the HuUctin of the WaMhhitrn CoUef/t' Lahoratorif of 
Xnturnl Iliiitory (No. 1). pp. ^J.'). iMi). It was more fully described in my 
article ''On the Cheyenne Sandstone and the Neocomian Shales of Kan- 
sas," which was published in No. II of the same linHttin (sei» pp. 7.V7J)). 
and, with .some revision, in Vols. and 7 of TiiK A.mkhican (»K()I.(k;ist. 
(S«*»» Vol. 7, pp. 25 and 2(1.) 

The **Hlu!r Creek section." described also in the article "On the 
<'heyenne Sandstone and the Neocomian Shales." etc.. is in Clark 
county on the east blutf of Hlutf cn'ek, about two mih'S b»»low the old 
Vanhem iMJStofflce. 

(7 NEREIS) INCOGNITA, sp. nov. 

Plate I. rtjrs. 20-22. 
The specific name, incofjtn'ta, is proposed us h convenient 
designation for the large, apparentl^'^ nereid, worm that in- 
habited the sandy beach of the Comanchean sea of southern 
Kansas, and the casts of whose burrows (part of one of which 
is shown natural size from above and in cross-section in figures 
21 and 22 of Plate I) occur commonly' in Kiowa county in 
No. 5 of my Belvidere section, and occasionally, at least, in 
Clark county, in the earthy or saccharoidal sandstone which 
constitutes No. 4 of my Blutf Creek section. 

♦Advance sheets distributed Mav :i(). 1894. 
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The burrows form boldly sweeping, tortuous curves whieh 
lie in a slightly warped surface and occasionally cross them- 
selves in a sigmoid or **figure 8" path. The transverse section 
of the cast is lenticular, averaging about 10 and 6 mm. in ma- 
jor and minor diameters. 

PLICATUU SENESCENS, sp. nov. 
Plato I, H^'s. IT ami 18. 

Shell quiti? small, compressed, inequivalve, obliquely sub- 
pyriform or inequilaterally rounded-triangular; beaks d<»- 
pressed and indistinct, that of the right valve subtruncate bv 
the scar of adnation : valves ornamented with numerous 
punctations and short, radially disposed, punctiform wrinkles, 
so arranged that the intervening elevations do not constitute* 
distinct, continuous, radial, rib-like plicules such as are seen 
in most species of this genus, but, rather, faintly suggest 
them; margins of valves thickened, that of the left valve 
forming a broad, distinctly^ elevated, concentrically laminated 
border in marked contrast with the discal sculpture; right 
valve moderately convex, the left flattish or slightly concave. 

Medifttrententit, — Ilight 11 ; length 10; breadth 4.5 mm. 

Ornirrrnee, — hi No. 21 of tin* liolvidf'n* s(»ction, soiithw«'St of thr rail- 
way station. I hav«* .s«mmi but two or thrtM' s|M»ciiniMis. 

AVICUU BELVIDERENSIS, sp.nov. 

Shell strongly inecpiivalve, smooth, obliquely purse-shaped, 
larger than that of A. Mithfflhhoxa M. & H., as figured in Meek's 
Cretaceous Invertebrata (Plate 28, fig. 12), to which it bears 
considerable general resemblance, differing from it apparently 
in having a longer hinge-line, a relatively larger and more 
prominent anterior and larger posterior ear; anterior ear ab- 
ruptly compressed, marked otf by a distinct but shallow sul- 
cus, and marked with one or two infero-marginal folds; pos- 
terior ear continuous with the gently concave posterior slope 
of the shell ; left valve strongly and rather narrowly arched 
from front to rear, much more convex than the right, its beak 
also more elevated above the hinge-line than that of the latt<?r 
( y hinge-line as long as or longer than the shell). 

OrnrnrHcc. — I havf b«'for<' mo thirtoen siK'cimtMis of this sjH^cies 
from No. .land on«» from No. Jl of tin- Ht*lvid»'r«* section, taken in thr 
south and southwest vicinity of Helvidere. All ar«' imi)erfect, non«» 
showing complete outlines or the exact form of the iK)sterior ear: and 
non<' allowinjJT precis*' measun*ments. 
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PINNA COMANCHEANA, sp. nov. 

Shell large, thin; anteriorly inflated and subcircular in 
cross-section, becoming more compressed and with exteriorly 
concave upper slopes posteriori^' ; not, or only very obtusely, 
angulated along the median line; increase of hight with 
distance from beak more rapid than in P, lakesii White ; 
decussately ornamented with rather remote radial costella* 
and somewhat less conspicuously raised remote concentric 
lines, there being about nine of the radial costelhe on the con- 
cave slope. 

The shell attains a length of at least eight or nine inches. 

Ocrurrenre. — (.'ommon in rocks of tin* P>i«d<'ric'ksbnr^ division in 
Kansas. T«*xhs and New M«*xico; t^spcciHlly in tin* ('omHnrlu* Peak 
limesloneof T<'xas. TIih larjrost sjM'cinK'n tiuil I hav«» obs<*rv«*d is in 
I h«* collection madt* in the Tucumcari district of New Mexico by tlie 
W. F. Cummins' party of the (ieiUoirical Survey of Texas. The ty|H*s 
an* si-H'cimens in the writer's private rolh'ction from Kansas an<l Texas 
and in the Colorado College collections from southwestern Kansas. All 
of the sfH^cimens thus far obtain«>d near Helvidere, Kansas, are from 
No. .') of the lielvidere section. 

CUCULUEA (IDONEARCA) TERMINALIS. var. nov. recedens. 

Plate 1. fl^r. \\\. 

The hinge of Cucidlo'a (enttinah's Con. being entirel}'^ un- 
known, I present a figure of the interior of the Belvidere, 
Kansas, Tdouearca which I provisionally referred U> C\ ter- 
miualiit in my "Contribution to the Invertebrate Paleontology 
of the Texas Cretaceous" (Fourth Ann. Rep. (tcoI. Surv. of 
Texas, p. 175). This shell occurs in great abundance in No. 
5 and occasionally in No. 8 of the Belvidere section ; and is 
found through the entire thickness of the Comanche shales of 
Clark county. 

As compared with the t^'pc-figure of C. terminalis, the Bel- 
videre species has the beaks less anterior, and by no means 
terminal, though their position is somewhat variable and the 
figure now given represents perhaps a little more than the 
average of their recession from a terminal position. 

Typical C, terminalis belongs to the Alternating beds, 
while the C. recedens belongs to the lower part of the Fred- 
ericksburg division, as represented in Kansas and as seen on 
a hill-slope a little west of Weatherford, Texas (where oc- 
curs a shell-bed that is apparently the equivalent of No. 5 of 
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my Belvidere section in paleontologie character and strati- 
graphic position). It is therefore possible that recedens may 
prove to be a species distinct from terminalis^ when future 
explorations in the Alternating beds shall lead to the discov- 
ery of the hinge of undoubted terminalin, 

LIMOPSIS SUBIMBRICATUS, sp. nov. 

Plal*' I, fljrs. (J— 8. 

Shell small, obliquely subrotund, or obliquely rotund-quad- 
rilateral, of moderate convexity; beaks placed a little in ad- 
vance of the middle, small but distinct, giving the dorsal 
outline of the shell an apiculate aspect; hinge-plate ample, 
but graduiilly narrowed to a strait in the mid-part where its 
lower border is gently subangulated at a point a little back 
of that immediately below the beaks; denticles about twenty- 
three in number, arranged in a divaricate series, median and 
terminal denticles short and minute, the intermediate larger 
and elongate denticles for the most part curved or angulated ; 
outer surface of shell smooth, except usually for a few re- 
mote, unevenly distributed, coarse, concentric growth-lines, 
or incipient imbrications; margin entire. 

J/easftremeHfs. — Hight 19; length 19; breadth 10 mm. 

Ornirrt'iin. — Common in No. ."> of i\\v H(^Ivi(l«*rc section, soutli of tin- 
rail wav station. 

NUCULA CATHERINA, sp. nov. 

Shell small, compressed, triangular, or cuneate-ovate ; the 
entire exterior ornamented with numerous concentric rows of 
small, closely set, compressed, hyphen-like tubercles, with one 
or two distal, broad, deeply-impressd, concentric growth-lines, 
and with delicate radial stride; each tubercle set so that its 
trend agrees with the direction of the subjacent concentric 
growth-line, and all of the tubercles being arranged not only 
in concentric series but at the same time in (juincunx order, 
so as to form two sets of intersecting, oblique, and gently 
curving rows. 

Jfensfiremenfs. — Hight 10.5; length 15; breadth 5 mm., in 
a small specimen. An imperfect larger specimen indicates 
dimensions at least one and a half times these. 

Ocntrnnn'. — In No. ',) and in tin* transition from No. 4 to No. '.] of tho 
Holvidcn* soction, on<* and a half to two miles southwest of the Helvi- 
dere railway station. 

None of the three type-specimens show the hinge charac- 
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ters; so that the generic position must, for the present, re- 
main somewhat doubtful, the provisional generic reference 
being based upon the shape and general aspect. The species, 
however, is so strongly marked by its exquisite ornamentation 
that it cannot be mistaken for any other with which I am 
acquainted. It is named in honor of my wife. 

REMONDIA FERRISSI Cragin. 

Plate I. fljr. 1. 

The illustration is from a drawing of the type-specimen 
made in 1889. when the original description of the species 
(published in Bull. Washb. Coll. Lab. Nat. Hist., Vol. 2, No. 
10, Dec. 1889, p. 68) was prepared. 

Attention may here be called to some errors which crept 
into that description. In the fourth line of the description, 
the ratio, '%3: 7," should read 7:3. In the fifth and tenth 
lines, the word, *'convex," should read, concave. 

The type was from No. 3 of the Belvidere section ; but the 
writer has recently collected several other examples in No. 5, 
south of the Belvidere railway station. These agree well in 
size and outline with the type, and show that the latter was 
an adult specimen, and that the species is (juite distinct from 
the Sonoran li. /areata Gabb. But some of tlieni present an 
ornamental feature not observed in the type, in having a se- 
ries of several parallel, oblique folds, trending backward and 
a little upward on the umbonal region. The crests of these 
folds are acute, though low, and the troughs are broad and 

shallow. 

CARDITA BELVIDERENSIS. sp. nov. 

Plat«' 1. tl'Ts. IMl. 

Shell of small to medium size, triangular or cardiform, 
moderately to rather strongl^^ ventricose; beaks placed near 
the anterior side and directed strongly forward; exterior of 
either valve ornamented with about 26 ribs, of which 19 or 20 
are narrow, prominent, spinigerous, and separated by valleys 
about twice as wide as themselves, the otiier 6 or thereabout 
being low,. plainer, and crowded: spines of the larger ribs 
much more closely set than the ribs themselves, short, erect, 
subtruncate (commonly appearing as little more than coarse 
granules owing to the weathering of the shell); margin of 
valves deeply notched. 
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Meaauremeuts, — Hight 28; length 27; breadth 17.5 mm., 
in the largest specimen ; average specimens having about 
two-thirds of these dimensions. 

Ocmrrenre. — The spt*cit*8 Hbounds iinmt*diat<*ly south uiul s<)uthw«*st 
of Belvidon*, in the shell-platform designated as No. .5 of my lii-lvidere 
.section, associated with SpheuodiMcun prdernaUat Ilcwm.. Sehltrnburhia 
prrurifina Von H.. FAmopHii* helri<itrt/m« VvAi:., St-rpul^i sp.. etc. It is imt- 
hajMi the commonest fossil of this h(»rizon. excepting? the small or 
''hUW pha.se of (rrypho'a pifrheri Mort. It occurs here, however, 
mostly in weathered SjX'cimens that show the short spines as more or 
less protuberant granules only. It occurs sparingly in No. li. sometimes 
with the spines beautifully preserveil. I have collected a few sim^cI- 
mens in the lower part of the Hlutf Creek XiM)comian section in Clark 
county, Kansas. I have also seen s<*veral examples of this speci«*s 
among sp<M'imens collected by Mr. W. V. Cummins in the Tucumcari 
<listrict in New Mexico. 

(7CARDIUM) MUDGEI. sp. nov. 
Size apparently about that of Cardita helritfere/ntis, shell 
ornamented with heavy, narrowly-interspaced, round-topped, 
radial ribs, and with numerous freely projecting, concentric, 
lamellar borders, which are relatively more prominent in cros- 
sing the ribs than elsewhere, forming thereupon strong hood- 
like imbrications. Within a space of 9 millimeters on the 
ventral margin of the type specimen, there are 5 ribs, and on 
the largest one of these ribs there are, on the distal 7 milli- 
meters of its length 9 of the hood-like imbrications. 

Orrurrcftre. — No. t{ of the H«'lvidere section, about a mile and a half 
southwe.st of the Helviden* railwav station. 

Only a part of a single valve of this shell has been found, so that the 
generic place of the s|K»cies is somewhat doubtful; but the orruimenta- 
tion is of such a character as to readily ilistinguish Ihe siM'cies, which 
may belong to (.■anlita or to PcrtuuruhiH. 

Th^^ Vox \\\\\^h\\A\\i\ PfctunruluH tiubiinhrinitHM y[. A: II.. as figured 
in Meek's Cretaceous Invertebrata, PI. 28. tier. 14 a, is a sh»'ll whos*- orna- 
mentation recalls, but tloes not s|x*ciflcally duplicate, that of the pres- 
ent sjx'cie.s, its hotMl-l ike spines, or imbrications, being less prominent 
than in the latter and otherwise different. 

The six»cies is named after that most excellent pioneer worker in Kan- 
sas geology, th<' lat<' Prof. Benjamin F. Mudge. 

CARDIUM (NEMOCARDIUM) BISOURIS, sp. nov. 

Plate I, rtg. 1«. 
Shell small, quadrilaterally or subtriangularly rotund, of 
nroderate convexity; beaks subcentral, slightly in advance of 
the middle; posterior fourth (or less than fourth) part of 



In vertebra ta from the Neocomian of Kansas. — Craijin, 7 

outer surface ornamented with tliirty or more, slender, radial 
costellte, the anterior three-fourths being devoid of concentric 
costelliB and marked with extremely delicate and crowded 
radial stria?; inner part of free margin delicately notched, 
or crenulated. 

The eo8t«il« of the posterior part are not visibly echinate 
in the types. 

Measurements. — Hight23; length 21; breadth 15 mm. 

Orrurrenre — Modf'ralolv common in No. 3 of tin* liclviden* s«*ction, 
S4»iith of th<» railway station. 

ROUDAIRIA QUADRANS, sp. nov. 
Plate I, fl^'s. 14 and 15. 

Shell small, short, strongly elevated, triangular, the discs of 
moderate convexity ; beaks situated considerably in advance 
of the middle, elevated, somewhat compressed on the anterior 
part and strongly so on the posterior, curved inward and 
downward and directed somewhat forward; no distinctly lim- 
ited lunule; anterior and discal slopes flattish-convex, sepa- 
rated from each other by a broadly-rounded, scarcely appre- 
ciable angulation, their outer surface marked only by ordinary, 
unequal, concentric growth-lines; posterior slope (about one- 
fourth of the valve) strongly flattened, separated from the 
discal slope by an abruptly rounded angulation, and orna- 
mented by numerous linear radial costelhe separated by 
grooves of about their own width. 

Measurements. — Hight50; length 47 ; breadth 80 mm., in 
the largest specimen. Most of the other specimens before me 
are relatively shorter and some of them much so. 

Orrvrrenre. — Soulhwestof Ht*lvid«T»', in No. 3 of thr IVIvidorn snclion: 
chiefly nji»ar th<' transition from No. 1 to No. 3. 

Th«» <»-xact number of radial costelhe is not shown in tin* tyix's; but in 
I 111' well-prt»84'rved part of th<» striated area onr ♦•xampli' shows Hf to** n 
aii<l indicates apparently between twenty and thirty for the full num- 
Ikt. Two of the ty|)<»-S|HHMm<'ns are much larjrer than that selected for 
illustration, and one of these is of a short, eh'vated form, the oth«»r rel- 
atively lonj?er, showing that the shell is subject to considerable varia- 
tion. 

TAPES BELVIDERENSIS, sp. nov. 

Plate I, fi«rs. 12, i:{. 
Shell of medium size, ovate, or in elevated specimens tri- 
angular, ovate, the superior outline excavated in advance of 



8 The American Oeologist. Jnlj.tm 

the beaks; valves of moderate convexity, rather thin, beaks 
placed at less than one-third of the length from the anterior 
extremity, only moderately prominent (their summits rising, 
in adult specimens, about two millimeters above the cardinal 
t^eth) ; hinge of moderate size; the three divergent cardinal 
teeth separated by clefts of subequal amplitude but very deep 
and abruptly excavated in the case of the anterior cleft and 
less so in the posterior; anterior cardinal tooth small, second 
tooth larger and compressed but not sharply so, third large, 
broad, tlattish-topped and feebly channeled or bifid; posterior 
lateral tooth rather large and long; surface marked with 
ordinary concentric growth-lines of which a few, not regu- 
larly spaced, are usually much stronger than the rest. 

Meainjrvinent.s. — Hight 45; length 49; breadth 22 mm., in an 
elevated example. Fig. 12 shows an example of the more 
elongate form. 

On-arnun . — In No. *J himI A of llu* I{«'lvid«'n* srctioii, simth aiul south- 
w«*st of tin* railwav station. Most common ni'ar ihi* transition from 
tin* fornuT to tin* lattrr horizon. S|MH'im«Mis in the np|M*r part of 4 fr«»- 
qinMitlv occur as casts and moulds. whiU* those in the lower part of *i 
are usinilly w«'ll presi'rved. 

None of the ratlier numerous specimens before me show the 
pallial line or the teeth of the left valve, but one specimen 
shows the posterior adductor-scar to be only faintl}^ im- 
pressed. 

There is considerable variation in the form of this shell. 
In some examples, the hight is etiiutl to only three-fourths of 
the length, the outline in such being subovate ; in others, the 
hight becomes full}' equal to the length and the outline accord- 
ingly is more triangular. 

LEPTOSOLEN OTTERENSIS, sp. nov. 

Plate I. flir. '1. 

Shell compressed, elongated, subrectangular, the hight con- 
tained nearly two and a half times in the length; dorsal and 
ventral margins nearly parallel back of the beaks, and some- 
what convergent anteriorly from them ; anterior margin 
rounded, posterior trtincate ; beaks at about the anterior third 
of the length: valves thin, each presenting abroad, low, and 
gently elevated, tlistally widening fold, which extends from 
the beak obliiiuel}' downward and forward t<) the antero-ven- 
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tral margin; cast marked with a strong, distally narrowing 
and shallowing sulcus which radiates from the beak down- 
ward and slightly forward, becoming obsolete before it reaches 
the ventral margin, and indicating a corresponding rib on the 
inner face of the valve; surface of cast marked with crowd- 
ed, fine, concentric, and coarser, rather remotes and evenly 
distributed growth-lines. 

Measurements, — Hight 13; length 82 mm. 

Oerurrencf. — Th<* fljjuro of this sjx'cics whs drawn si'vrral yrars sinct* 
by the writer, who obtained the ty|M' and only known s])<'C'imen from 
dark clay shale in the "Blue Cut" of \hv A. T. it S. F. railway, on 
Dtter creek, a few miles south-southwest of Belvidere. It was associ- 
ated with Cyprimeria grtidata Crajr.. Cttrdhnit katma^tmn' Mk., Turri- 
telUt iteriatim-firanultitn Uoem., Srhlot'iibtirhin peruriana Von H.. Spfn-iio- 
rliMCUM pedernulM Roem.. and other specii'S belonjrinjr chietly to No. 15 of 
the Belvidere section. 

MACTRA ANTIQUA. sp. nov. 

Shell small, triangular, longer tiian high, of ver>'^ moderate 
convexity; upper anterior margin of either valve, in advance 
of the feebly excavated beak- front, forming nearly a straight 
line a little shorter than the feebly convex line described by 
the supero-posterior margin; antenmbonal and postumbonal 
slopes depressed so as to present a broad and shallow radial 
sulcus, the anterior sulcus separated from the discal surface 
by a slight angulation; beaks slightl}^ in advance of the mid- 
dle, their apices turned inward and but very little forward; 
hinge narrow; the. anterior ^\-shap?d cardinal tooth of the left 
valve short and stout, its sinus shallow: posterior cardinal 
narrowed above, broad below, the broad lower extremity bear- 
ing on its anterior side a short denticle which imperfectly 
subdivides the cartilage-pit. 

yfeasiiremcnts. — Hight 28.5; length 27; breadth 1(5 mm. 

Orciirri'nrr. S4*vpral siM'cinitMis from ihr iransiiion IxMwj'rn No. 4 and 
No. iJ of the Helviden* section; onr to two rnil<*s s<>utlnv«'sl (\{ IJelvid«»n' 
station. 

The occ'urr<*ncH is interesting, as tin- ir»Mnis A/ttrfnt is ehictly <*hara<*- 
t**risli(' of ri'OeiU and Neoci*n»' tinn'S n\n\ is hut sparinjrly r»*i)n's«*nti'd in 
tli<* lower'C'retaceous. J/. ^/'V'////' of tin* upiMT .lurassic b»'inLr tin* only 
s|M'ci«*s of this jrenus known t(» occur earlii-r tiian tin* N»'oconiian. 

MARGARITA MARCOUANA, sp. nov. 
Shell turbinate, spire moderately prominent ; whorls four 
and a half, convex, increasing rapidly in size, the large body- 
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whorl obliquely flattened below and above; aperture subcir- 
eular, apparently aR high as wide; no umbilicus; columella 
flattened below; whorls marked with prominent, oblique 
growth-lines, and ornamented with three strong, equidistant^ 
coarsely but regularly beaded carinae above which, on the 
body-whorl, is a fourth smaller one close to the suture. 

Measurements. — Hight 15; breadth 14.5 mm.; divergence of 
slopes 85 degrees. 

Orrurrenn; — Two siJ«'cimtMis only of this sfK»cit*s an* known. Tht»s<» 
wiTe oblaini'd: one in No. oof th«' lielviilHn* section. lhr»M» fourths of 
a mih' south of th<' railwav station: th«' othvr from No. .*l, ainiul a mih' 
and a lialf soulhw«*st of th<* station. 

Th<» s]M»ci«*s is v«'ry closfly n*Ial»Ml to .V. muilijtami Mlv.. from which 
it is distinguished chiftly by th»* b«'adt'd character of the revolving" 
carinjp, a character whicli also distinguishes it from Turfnt reeffi 
Kpnjr. Our s|H*cimens are somewhat smaller than the ty|H» of .V. 
luuiiiji'nna. as fi«:ured by Meek. 

The sjM'Cies is nam<'d in honor of Mr. .lules Marcou, discoverer of 
the American Neocomian. 

MARGARITA (SOURIELU) NEWBERRYI, sp. nov. 

Shell thin, low-turbinat^, or spherico-turbinate, consisting 
of about four rapidly enlarging whorls, spire small and low, 
the sutures rather deeply impressed, tiie body- whorl very large 
and ventricose ; surface of each whorl ornamented with coarse, 
unevenly elevated revolving lines or granuliferous ridges, the 
intervals between which are marked with usuallv two similar 
but much finer revolving lines, the whorls being also obliquely 
crossed by a system of rather remote, narrow, raisied lines 
which proceed from the apex down the slopes of the shell 
with a somewhat sigmoid, or sickle-like, curvature and pro- 
duce more or less distinct eminences at their intersections 
with the revolving ridges. Of the primary revolving lines or 
ridges, there are six or seven on the flank and shoulder of the 
body-whorl. 

yfeasurements. — Hight of shell 13.5; breadth of body- 
whorl 15 mm.; divergence of slopes 104 degrees. 

Ocrurrt'urt. — The type and only known s|>ecimen of this s|>ecii*s was 
found in No. .") of my Belvidere section, half or three-fourths of a mile 
south of the railway station, associated with (iriiphtm pitr/ifri, var. 
/iiHi, Cftrrfita bflruirremriM, etc. 

The ba.se of the type syHHTimen is im|M'rfect, and d<M*s not show the 
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arxTtiiral detuils nor the ornHino.ntation of th«» lower part of the body- 
whorl. The broken surface apparently indicates an open umbilicus, 
but not so plainly as to banish doubt. 

The sp<»cies was named in honor of the late illustrious Dr. J. S. New- 
berry: earliest geological explorer of southwestern Kansas. 

TROCHUS TEXANUS Roem. 

A single well preserved specimen of this rare Trochus was 
obtained about two miles southwest of Belvidere station, from 
No. 3 of the Belvidere section. This, so far as the writer is 
aware, is the first reported occurrence of the species outside 
of the type-locality. 

The shell is a little more elevated than the example figured 
by Dr. Roemer, owing to the less rounded character of the 
apical part of the spire; and, though the spiral lines of gran- 
ules are five in number on each whorl, the ornamentation is 
somewhat finer than in that example. But as the Kansas 
shell is also somewhat smaller, the granules would necessarily 
be smaller also, and the variation from the Texas form, in 
ornamentation and angular divergence of slopes, indicated by 
this specimen does not, at furthest, equal that seen in 
Tnrritella striathn-yra n ulata Roem. 

The measurements of the Kansas shell are : hight 14.5 ; 
breadth of the body-whorl 11.5 mm.; divergence of slopes 
(lower part of shell) 51 degrees. 

PETERSIA MEDICINENSIS. sp. nov. 

Shell of medium size, consisting of five or more ( ? six or 
seven) whorls, spire rather short, acute, equalling about or a 
little less than half the hight of the shell ; whorls shouldered 
and ornamented with numerous closely-spaced, raised, revolv- 
ing lines and with prominent but rather narrow vertical ribs 
or folds, of which latter there are about 14 on each of the 
lower whorls; aperture elongate, subquadrilateral, bent 
slightly backward below to form a very short or rudimentary 
notch-like canal, and with a somewhat similar rounded, everted 
notch at the upper (posterior) corner; spindle short; inner 
lip, within, bearing, opposite the middle of the aperture, two 
oblique, parallel, narrow, sharply-raised folds which do not 
extend outward to its slightly thickened and everted border ; 
outer lip with a sharp, slightly crenulated edge, back of 
which the newest fold (in the stage of growth shown in the 
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younger, but more perfect, of the two type-specimens) forms 
a rib-like thickening. 

Measurements, — Right 21 ; breadth of body-whorl 11.5 mm; 
divergence of slopes 52 degrees, — these being the measure- 
ments of a young shell. An imperfect specimen, which per- 
haps represents nearl}^ the adult size, indicates a hight of 
nearly 50 mm. 

Ofcurrentr. — In No. W of th<' Helvid<*n* section, about a mih' and a 
half south of tho railway station. 

Then* arc 14 of the coarse vertical folds on the bodv-whorl and 13 on 
the first s])ire-whorl in the smaller of th<' type-specimens. 

I am unable to refer this shell elsewhen- than to th<* upper Jurassic 
jrenus. Peter Kin. 



CAUSES AND CONDITIONS OF GLACIATION. 

Hy Warren Upiiam, SomervUle, Mase. 

At the meetings of the British Association in each of the 
past two years the causes of the Glacial period have been dis- 
cussed from new points of view. One of these papers, pre- 
sented in 1892 by Percy F. Kendall and J. W. Gray, is fully 
published by Mr. Kendall in the Transactions of the Leeds Geo- 
logical Association for Feb. 16, 1898 (pages 53-70). This 
paper holds tliat the Ghicial period came on with extreme 
slowness; that it was of long duration (an estinuite of at 
least about 11,000 years being given for the time of growth 
of the European ice-sheet, and two-thirds as long for the 
North American) ; that the Glacial period ended very abrupt- 
ly ; that the level of the British Isles was nearly the same at 
the beginning of the (Tlacial period as now; that the end of 
this period was very recent in a geological sense (the esti- 
mates of 10,000 years, or less, for the Postglacial epoch, as 
drawn from the rates of recession of the falls of St. Anthony 
and of Niagara, being accepted); and that there has been 
only one epoch of glaciation. This review of the Ice age for- 
bids an explanation oi* its causes by the astronomic theory of 
CroU, Geikie, and Ball. Against the American theory that 
gr(»at uplifts of the drift-bearing lands brought on their cool 
and snowy climate and glacial envelopment, and that final 
subsidence under the weight of the ice-sheets caused them to 
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be melted away, it is objected that the Pliocene and Pleisto- 
cene marine deposits of portions of the shores of Great Brit- 
ain leave no room for such changes there in the relations of 
land and sea. The authors conclude, therefore, that the Ice. 
age was probably due to great variations in the heat of the 
sun, but how these could be caused is left in uncertainty. 

A second paper, presented to the British Association in 
1893, was by C. A. Lindvall, a Swedish engineer of high at- 
tainments in his profession, whose attention during many 
years of observation has been much given to the problems of 
the glacial drift. His views had been set forth, however, two 
years earlier in a pamphlet of 48 pages, with five plates, pub- 
lished both in Swedish and English at Stockholm in 1891, en- 
titled, "The Glacial Period: essay on its Origin, Effects, and 
End; as also the Possibility of its Recurrence." The drift 
deposition is ascribed to marine submergence with icebergs 
and floes, which are thought to have been borne over Scandi- 
navia, a large portion of Russia, northern Germany, and the 
British Isles, while only the highest parts of the Scandinavian 
plateau rose as islands of the sea laden with the ice of Arctic 
currents. If such submergence should recur, Mr. Lindvall be- 
lieves that an Ice age would be reinstated. Inquiring what 
were the climatic conditions of the earth during its earlier 
eras, he writes: 

We th<'n viow our «i:I(>b«' in thi* t*nrly dawn of tinu', a >^lowin^ mass 
surnmnd*»d by a thick veil consisting of almost all the water and other 
volatile matter on our earth, beinjif kept in a gaseous form by the in- 
tense heat. With the intrepidity of youth it cares but little for tlie 
warmtb of the sun. being as hot at the i)oles as at the ecpiator. Hut 
spite of its covering it loses heat by radiation, and as the earth c<m)1s the 

effect of the sun becomes more and more pn'ceptible First at the 

I)oles and so gradually farther down, vegetable lifi* commenced: this 
vegetation being accelerated by the heat of the earth beneath, |jouring 
rain from above, and an atmosphere saturated with carbonic acid. — all 
to such an extent that we can show no parallel; but the product of 

course was luxuriant in i\\\v proix)rtion During all the periods of 

successive changes of climate and vegetable life in theiK)lar lands, with 
the sole excepti(m of the very latest |)eriod, a more or less l>road belt 
has probably existed at the equator which was far too warm for plants 
or animals to exist there. 

In Falsan's^LaPeriodeGlaciaire'' (1889), of which a re- 
view appeared in the American Geologist for July, 1890, an- 
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other theory of the causes of the lee age is ^iven, whieh makes 
it depend on high altitude of the glaciated regions, but draws 
attention especially, like Lindvall, to the changes in the rela- 
tions of solar heat to the earth. This view, proposed by Dr. 
Blandet, and adopted by the Marquis de Saporta, Prof, de 
Lapparent, M. Falsan, and others, is presented in the follow- 
ing translation by Kendall in the Glacialists' Magazine for 
January, 1894 : 

The sun must ciTtainly liav«' passotl through clitf<'n'iil states, and 
have pnKluced at the surface of the earth various ])hi'nom<'na projKjr- 
tional to the magnitude of his successive diameters. With an apparent 
diameter of 47°, the distribution of lijfht and heat, as M. de La])parent 
has shown, would no Ituijrer corresixind with the order of things estab- 
lished to-day. The different iHtion of the seasons disapjX'ars. no part of 
the earth remains plungred in h)nj? nights, latitude loses a great part of 
its influence, the p<ilesenjoy a mild temiH»rature, and, at the torrid zone, 
the nebular state of the sun attenuates and com|MMisates for the excess 
of heat w^hich would have resulted fnmi its pn>,\imity to the earth. . . . 

These facts once admitted, and it would be ditlicidt to gainsay 

them, many geological problems find their immt^diat(> solution. It is 
no longer a strange anomaly to see the rich vegetation which has grown 
about the iK)le in ancient geological eiH)chs, and even till after the Mid- 
dle Tertiary times. One understands why. over all the earth and at all 
epochs, there succeeded a series of plants t>f which the uniform devel- 
opment was favored by the equability of climates and of sea.sons: how 
the plants have finished by disapijearing from the iK)les, and by migrat- 
ing to the south, when the sun, always concentrating uimhi itself, could 
send them only fecible and oblique rays. Then the climate of the |>oles 
was slowly modified, the seasons were pn»gressively accentuated, and 
the atmospheric humidity was able to supply abundant precipitation 

of snow Hy the effect of solar concentration and of the changes 

oix^rating in the mcxle of distribution of heat, the new climatic ccmdi- 
tions resulted in a state of unstable efpiilibrium. They could easily b«* 
miKlified by a host of circumstances previously of no effect, .such hs 
latitude, the variable action of marine and atmospheric currents, th«* 
orogenic movements of the earth, that is to say, the relief of mountains. 
These oscillations became stronger in projKirtion as the terrestrial crust 
acquired greater thickness, and they even ac(iuired a preininderant in- 
ttuence in the establishment of glacial conditions. 

A fourth theory, analogous with the three preceding, but 
niore bold in its assumptions, disregarding many well ac- 
cepted conclusions of geology, as the continuous descent and 
development of floras and faunas, including those of the sea, 
and supposing ice-sheets to have extended over even inter- 
tropical land areas, has been thought out by Mr. Marsden 
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Manson, a civil engineer of San Francisco, California. This 
ingenious and well argued hypothesis is published in volume 
VIII of the Transactions of the Technical society of the Pa- 
cific Coast (Sept., 1891), and separately, in a somewhat mod- 
ified and more extended form, in a pamphlet of 49 pages, 
^'Geological and Solar Climates, their Causes and Variations'' 
(Department of Geology and Physics, University of Califor- 
nia, May, 1898). Kendall reviews Mr. Manson's work as fol- 

Jows in the February number of the Glacialists' Magazine: 

According t(i th<» author, during the early stages (if c(M)liiig of the earth 
water-vapor would be present in the atmosphere in such quantities as to 
quite shut out the heat rays, though not the light rays, of the sun: and 
therefore the effect of the sol arrays would be limited to heating the outside 
of a cloud shell, and so retarding the secular ccKiling of the earth. The 
cloud canopy would be effective in obstructing ingress as well as egress 
of heat rays. The isotherms would defiend solely \\\Kn\ altitude and not 
at all u|K>n latitude. As the earth slowly c(K»led, the isothermal shells 
would successively shrink down upon the surface. When the surface 
temperature was 00° P.. **a particularly uniform, moist, and highly tor- 
rid climate was established, culminating in the Carboniferous 

age." With further C(K»ling, lem|)«*ratures corresponding with tropical 
and then temperate climates would prevail the world over. The iso- 
therm of 32° F. would touch the mountain tops and a snow-line would 
be pnKluced. **From the moment that snow began to accumulate, 
♦•very remaining vestige of earth heat was available for producing thos»' 
conditions favorable to glaciation. namely, warm seas, dense fogs, and 
cold continental areas: and every unit of solar energy reaching the up- 
jjtir regions of the atmosphere was available for maintaining those favor- 
■ nble conditions. Glaciation under these conditions would be cumula- 
tive until the oceans, exhausted of their heat and lessened in area, 
were n<i longer able to sup|>ly the moisture nece.ssary to completely 
.shroud the earth from direct solar heat." 

The culmination of the Ice age, according to the author, was made by 
the gradual reduction of the waters of th«' oceans to a temiM'ralure of 
•U® F. down to the bottom, the present b<»ttom temperature of the 
cKreans, and the cons(»quent reduction of evaporation jM»rmilled the sun's 
rays at la.st to break through, and t<» their heating jniwer the disappear- 
jiuce of the ice-sheets is ascribed: but, just as the high siM*cit1c heat «)f 
water kept the oceans warm long after glacial conditions had sui>«*r- 
vened upon the land, so now the same projH^rty retards their recovery 
tinder the genial influence of the radiant heal of the sun. In the author's 
opinion the climate of the whole earth is becoming warmer, and he ap- 
fieals tu the general retreat of glaciers in proof. 

Each of these discussions doubtless presents, in greater or 
less degree, some useful portion or hint of the truth ; but each 
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aleo seems to the writer to be, in important portions, erro- 
neous. With acceptance of the review of the Ghicial period 
as given by Kendall and Gray, there appears no warrant for 
their opinion that it was caused by a diminution, and ended 
by an increase, of the sun's heat. During the centuries of 
written history, and especially during the past century of 
critical investigations in terrestrial and solar physics, no vari- 
ations of this kind have been discovered. Such a cause of 
the glacial accumulations would have enveloped Alaska and 
Siberia with ice-sheets and their drift deposits. The anoma- 
lous geograpliic distribution of the drift forbids this hypoth- 
esis. Prof. H. A. Hazen, of the U. S. Weather Bureau, in a 
paper contributed to the Engineering Magazine for March, 
1898, shows that the climates of Palestine, Egypt, and China, 
have undergone no apprecriable change during the past 8,000 
to 4,000 vears. 

The fully proved land-ice origin of the general drift sheets 
in North America and Europe eif'ectuaily opposes LindvalPs 
theory of the nature and causes of the Glacial period; and 
the remains of past life in the rock strata are discordant with 
his supposition concerning the torrid zone previous to the 
Quaternary era. 

If we should accept Tait's and Newcomb's estimate, that 
the existence of the sun since its contraction past the place 
and time of its shedding off the matter which now forms the 
earth and moon, has been no longer than about ten million 
years, we should surely require for the geologic record all the 
time possible under that hypothesis. Life might then be sup- 
posed to have begun on the earth when the sun was so large 
as Blandct and Falsan suggest: but more probably the sun is 
vastly older, as one to two hundred millions of years, so that 
the solar contraction and intensity of heat became nearly 
w^hat they are now before the time of the oldest known fauna 
of the Cambrian rocks, which, to judge from its stage of de- 
velopment, was far from the beginning of life on our planet. 

The occurrence of many and distantly separated areas of 
lat<j Carboniferous or Permian glaciation, marking the only 
time of wide prevalence of glacial conditions previous to the 
Pleistocene ice age, as reviewed by (J. D. White in the Ameri- 
can Geolo(jist (vol. Ill, pp. 299-380, May, 1889) and in 
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Wright's "Ice Age in North America'' (pp. 435, 592), is in- 
consistent with Falsan's and Manson's views, which have no 
place for general glaciation before the Pleistocene period. 
Another obstacle to Manson's hypothesis of a continuous cloud 
envelope till after the Quaternary glaciation consists in the 
extensive deposits of rock salt and gypsum found in strata 
as old as the Silurian and Cambrian, since these beds could 
only be formed by evaporation of lagoons shut off from the 
sea, or of saline lakes, under a drying atmosphere. 

The epeirogenic theory of glaciation, thought out by Dana, 
Le Conte, Wright, and other American glacialists, and by 
Jamieson in Scotland, which has been presented in the Am. 
Geologist (vol. VI, pp. 827-339, Dec, 1890; vol. xiii, p. 278, 
April, 1894), in "The Ice Age in North America" (pp. 573- 
595), and the American Journal of Science (vol. xlvi, pp. 
114-121, Aug., 1893), is held by Falsan to account for the 
Glacial period, but it is rejected by the other authors here re- 
viewed. The chief objection urged against it, which is pre- 
sented, as before noted, by Kendall and Gray, consists in an 
approximate identity of level with that of .to-day having 
been held by some drift- bearing areas at a time very shortly 
preceding their glaciation. This ts clearly known to have 
been true of portions of Great Britain and of New England. 
In respect to this objection, it must be acknowledged that the 
preglacial high elevation which these areas experienced was 
geologically very short. With the steep gradients of the Hud- 
son, of the streams which formed the now submerged chan- 
nels on the Galifornian coast, and of the Congo, these rivers, 
if allowed a long time for erosion, must have formed even 
longer and broader valleys than the yet very impressive 
troughs, continuing to depths of 2,000 to 6,000 feet beneath 
the sea level, which are now found on these submarine conti- 
nental slopes. But the duration of the epeirogenic uplift of 
these areas on the border of the glaciation for the Hudson, 
beyond it for the Californian rivers, and near the equator in 
western Africa, can scarcely be compared in its brevity with 
the prolonged high altitude held during late Tertiary and 
early Quaternary time by the Scandinavian peninsula and by 
all the northern coasts of North America from Maine and Pu- 
get sound to the great Arctic archipelago and Greenland. 
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The abundant long and branching fjords of these northern 
regions, and the wide and deep channels dividing the many 
large and small islands north of this continent, attest a very 
long time of high elevation there. At the time of culmina- 
tion of the long continued and slowly increasing uplifts at 
the north, the}' seem to have extended during a short epoch 
far to the south, coincident with the formation of ice-sheets 
in high latitudes. But when these lands became depressed 
and the ice burden of the glaciated countries was removed, 
they in some instances, as in Great Britain and New England, 
returned very nearly to their original levels, beautifully' illus- 
trating the natural condition of equilibrium of the earth's 
crust, which Button has named isostast/, that when not sub- 
jected to special and exceptional stresses it acts as if floating 
on a heavier plastic and mobile interior. 

In the great erosion of the Lafayette formation on the At- 
lantic coastal plain and Gulf border of the United States, 
and in the lower Mississippi basin, which formation is re- 
garded by Hilgard, Spencer, E. A. Smith, and the present 
writer, as of early Quat<?rnary age, formed during the initial 
stages of the high uplift that culminated in the Ice age, we 
have an impressive record of that epoch of great altitude of 
the northern and principal part of this continent. Similar 
rapidity of erosion must also have ensued when any moderate 
retreat of the ice-sheet during the time of high uplift and ice 
accumulation permitted much of its drift gravel and sand to 
be deposited, as in the valleys of the Ohio river and its trib- 
utaries, described b}" Chamberlin and Leverett in the April 
number of the Am. flournal of Science (also seethe Am. Geol- 
ogist for March, pages 217-219). With an elevation of that 
area probably 3,000 feet higher than now, giving its streams 
far more rapid descent, and with the aid of a dam formed by 
the ice-sheet crossing the Ohio valley at Cincinnati while 
most of the valley' drift was being laid down, and the subse- 
quent removal of this barrier while the stream erosion took 
place, we may well suppose that an interval of a few thou- 
sand years between the stages of ice advance would suffice for 
an amount of stream channelling many times greater than has 
been accomplished in the less abundant later deposits of val- 
ley drift during all the Postglacial epoch of low altitude and 
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gentle river currents. The same, lapse of time would also 
suffice for the amount of leaching and oxidation of the earli- 
est drift which Mr. Leverett has observed in sections of its 
former surface now covered by thick deposits of later drift in 
Illinois, Indiana, and Ohio (Proc, Boston Society of Natural 
History, vol. xxiv, pp. 455-459, Jan. 1, 1890). It may be 
true also that within this interval the rock gorges in north- 
western Illinois described by Mr. Oscar H. Hershey in the Am. 
Geologist for November, 1893, were eroded ; but it is neces- 
sary to scrutinize very carefully the evidences for such rock 
erosion during the Glacial period, lest preglacial channelling, 
done by small tributaries of the main valleys during the 
gradual uplift of the country leading to the Ice age and con- 
temporaneous with the Lafaj'ette erosion, be thus misinter- 
preted. 

The complexity and great length of the Glacial period in 
Europe, with subdivision by interglacial epochs, which are 
taught by Prof. James Geikie in his aduiirable books and es- 
says, and by Mr. Andrew M. Hansen in the Feb. -March num- 
ber of the Journal of Geology (also Am. Geologist, vol. xii, 
p. 225, Oct., 1893), may probably be reduced to a much less 
time and to essential continuity of glaciation, interrupted as 
in America only by moderate fluctuations of the ice borders, 
when we consider the lesson of the Malaspina glacier or ice- 
sheet in Alaska, showing how temperate floras and faunas 
may be enclosed between deposits of till by oscillations of the 
ice front requiring no long time. 

One remaining question, which Prof. R. D. Salisbury has 
recently asked in the Journal of Geology (vol. ii, p. 222, Feb.- 
March, 1894), concerning the departure of the ice-sheet 
because of epeirogenic subsidence of the glaciall}' burdened 
land, may be readily answered. Though the still high surface 
of the greater part of the ice-sheet would not be atfected by 
the temperate climate of the country depressed to its present 
level or slightly lower, the warm summers along the ice border 
would cause it to be rapidly melted. This process extended 
inward until all the ice-sheet disappeared. When the progress 
of the marginal melting in the Mississippi basin had given 
generally steep gradients of the ice-front, its more powerful 
currents formed the retreatal moraines and the many lake 
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basins of the unevenly laid later drift which are so strongly 
contrasted with the smooth and attenuated outer portion of 
the drift sheet beyond the moraines. 



THE PRESENT CONDITION OF THE EARTH'S IN- 
TERIOR AS VIEWED FROM THE STANDPOINT 
OF THE NEBULAR HYPOTHESIS. 

By Pbof. W. H. Seamon, Rolla, Mo. 

Although there are now but few, if any, geologists who 
would contend that the earth consists of a cold crust sur- 
rounding a melted interior, many of them, particularly writ- 
ers of text-books, still teach that the earth's interior is very 
highly^ heated. While we do not find in any recent literature 
an}' positive statement as to the degree of heat, I am sure 
that I make no mistake, when I assert that Dana, Le Conte 
and Geikie, all give the impression, perhaps unintentionally, 
that the temperature of the earth's interior is so great that, 
were it not for the weight of the superincumbent crust, all 
of it would be in a molten condition, at a temperature much 
hotter than necessary for complete fusion. 

Dana says: '*The rate 1° F., for 60 feet of descent, in 
the latitude of New York, would give heat enough to boil 
water at a depth of about 9,000 feet : and 3,000° F., at a depth 
of about 33 miles. But the ratio is not an arithmetical one, 
because both of the greater conductivity of the earth below 
(owing to greater density) and the increased pressure, and 
hence the depth of fusion, supposing fusion a fact, much ex- 
ceeds this amount; but how much, has not yet been deter- 
mined."* 

Le Conte says: '*From the facts given above it is probable 
that the temperature of the interior of the earth is very great."f 

After a very clear and able argument showing the effects of 

pressure in deepening the fusion level, if fusion exists at all, 

he says: '•p'rom this line of reasoning, therefore we conclude 

that the solid crust of the earth mnst be much thicker than 

is usually supposed, and there maf/ be even no interior liquid 

at all."^ 

♦Dana's Mamiai of (Jeolotry, im«rf 717. 

^Lf C'oiite's Klrmr"^^ ^'f Cieolopy, third t*d. (1801), page 84. 

t^c Contc's El<'in«"nts of Gcoloj^ry. pajre 80. 



4 

f 



Condition of the Earth's Interior, — Seamon, 21 

In another place we find : "It is a cool crust, covering an in- 
candescent interior."* 

Geikie sajs : "It was formerly a prevalent belief that the 
exterior and interior of the globe differed from each other to 
such an extent that, while the outer parts were cool and solid, 
the vastly more enormous inner intensely hot\ part was more 
or less completely liquid." J 

In another place he says : "It appears highly probable that 
the substance of the earth's interior is at the melting point 
proper for the pressure at each depth. Any relief from the 
pressure, therefore, may allow of the liquefaction of the mat- 
ter so relieved."§ 

Astronomical observations do not admit of a liquid interior, 
and compel the belief that the earth throughout is a rigid 
solid, except in certain localities which are most probably en- 
tirely within the outer crust, made liquid by the heat pro- 
ceeding from chemical changes and mechanical movements 
within this crust. 

There are but two good reasons for believing the earth's 
interior to be highly heated at the present time. 

1. The gradually increasing temperature observed as 
depth in the crust is attained. 

2. The nebular hypothesis requires a former very high 
temperature for the earth, making reasonable the assumption 
that much of this primary heat has been entrapped and re- 
tained beneath the crust. 

The observations made in shafts and borings show an in- 
creasing temperature. But the results are very variable, and 
seem to confirm the impression that this increase may be en- 
tirely due to heat produced by chemical and mechanical ac- 
tion within the crust. 

Those holding to the retention of much primary heat, have 
felt compelled to give reasons why the interior is not in a 
melted condition. The best reason given, the weight, or pres- 
sure of the superincumbent crust, only augments the difficulty 
of the explanation; for while pressure may prevent actual 

*Le Conte's Elements of Geology, page 100. 

f Italics are the writer's. 

IGeikie's Text Book of Geology, second ed. (ISS")), page U. 

jiGeikie's Text Book of Geology, page 55. 
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melting, it will usually increase the amount of heat in the 
compressed body. 

The crust of the earth possesses the properties of an arch, 
and, as it is composed of oxidized materials, it possesses a 
lower cogiticient of contraction than does the metallic interi- 
or. The contraction of the interior would, therefore, be greater 
than for the crust, for equal decrements of temperature ; and 
instead of there being much pressure on the metallic interior, 
the probabilities are there is none, resulting from the weight 
of the crust. 

It is the object of this article to show that, proceeding from 
the nebular hypothesis, the temperature of the interior can- 
not be as much as 3,000° F. at any point, except perhaps, but 
not necessarily, localities in the crust, whence proceed the 
fused materials ejected by volcanoes. 

The nebular hypothesis of the earth's origin is so generally 
accepted, and appears to be so firmly based upon observations 
of celestial phenomena, that we .should always consider it in 
our speculations as to the history and present condition of 
the earth's interior. 

When the earth was in its nebulous condition, the temper- 
ature, though high, must have been nearly uniform throughout 
the nebulous mass. Matter in the gaseous form so readily 
diffuses, as shown in the present composition of the earth's 
atmosphere, moving most rapidly from hot to colder points, 
that it seems, even in so large a volume of gaseous matter as 
that of the earth in its nebulous condition, the temperature 
must have been kept nearly uniform, down to the time when 
it was condensed to the liquid stat<\ At what temperature 
liquefaction began is a mattef for speculation which I have 
not considered. It seems evident however that the first mol- 
ten mass was mainly composed of the heavier metallic ele- 
ments, while the lighter gaseous, alkali, and alkaline earth 
elements, still remained in their gaseous condition, uncom- 
bined with each other. The lamented Sterry Hunt, in an ad- 
dress before the Royal Institution, in 1867, generalized as 
follows: "The breaking up of compounds, or dissociation of 
elements by intense heat is a principle of universal applica- 
tion, so that we may suppose that all the elements which 
make up the sun, or our planet, would when so intensely 
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heate<l as to be in the gaseous condition, which all matter is 
capable of assuming, remain uncombined, that is to say, would 
exist together in the state of chemical elements." Perhaps 
the hydrogen, oxygen, carbon and nitrogen, may have been 
at that time, or an earlier period, in a condition as highly at- 
tenuated as the hypothetical ether now prevading space, which 
may be after all the only true elementary substance. 

After the formation of the first molten mass, the earth 
would have been constituted very much like our present sun, 
a molten mass surrounded by a gaseous envelope of substances 
in their elementary condition. As the caloric of the gaseous 
envelope was radiated into space, it received heat from the 
molten interior. The temperature of this molten mass would 
not have varied much as to uniformity, since liquids carry 
heat quite readily by convection, tending to maintain a uni- 
form temperature throughout their mass. In fact, the prob- 
abilities are that the molten mass was at first very small, and 
grew in size, as it and the surrounding envelope cooled and 
slowly condensed. Such a method of growth would have 
largely tended to maintain a uniformity of temperature. We 
may presume that this continued until- the lighter metals be- 
gan to condense. By the time this point was reached the 
oxygen would have to combine with them and other elements, 
forming acid and basic oxides, which would have readily com- 
bined with each other forming a fused magma. This magma, 
on account of its greater lightness, would have floated upon 
and protected the inner metallic mass. 

On account of the high conductivity of the inner metallic 
mass, it would have poured off its heat to the oxidized magma 
as rapidly as the latter could receive it. "This fused magma 
by convection would have tended to maintain the uniformity 
of its temperature; and the heat produced by the chemical 
combinations in the magma and in the atmosphere of the 
earth would have delayed solidification. Finally solidifica- 
tion of the crust began. 

The first crust was of similar composition as diorite or 
syenite. * 

Diorite melts at a temperature of about 2,000° C. As new 
experiments, with better pyrometers, have largely reduced the 

*Tje Conte's Elem<»nts of Geolo«:y, page 215. 
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formerly accepted melting points of many substances, we may 
expect this result for diorit« to be reduced also. It therefore 
seems to me that we may assume the temperature of the earth 
at the period of the solidification of the crust to be about 
8,000° F. 

The temperature of the interior would have prevented a 
rapid thickening of this crust. After the crust had formed, 
the heat of the metallic interior would have still been rapidly 
communicated to the outer crust. It must not be forgotten 
that it was not a case of heating a cold crust; but that the 
heat from the interior had simply to continue to flow through 
this outer crust. 

The following equation will give the present temperature 
of the earth's interior, as accurately as the factors can be de- 
termined. 

Present lemiHTature of the melullic interior = 

Volume X density X sp. heat X ori^. temp. X 02. •^>.* 

Time of c(K)Iing X area of radiating surface X annual loss of h«»at. 

Substituting in this equation the following values and solv- 
ing, we obtain 468° F. as the present temperature of the earth's 
interior. 

Specific heat of the metallic interior, 0.1. f 

Specific gravity of the metallic interior, 9. 

Time since crust began to form, 60,000,000 years. J 

Assumed average thickness of the crust during this period, 
fifty miles ; diameter of the earth, 7,900 miles. 

Temperature of the earth at the time the crust began to 
form, 3,000° F. 

Amount of heat annuall}^ flowing through the crust, fort}' 
units of heat from each square foot of the radiating surface 
of the metallic interior. 

In conclusion, I desire to say that I recognize that the re- 
sults of ni}' calculation may be criticised, owing to my inabil- 
ity to secure the exact values of the factors in my equation; 
yet that is not the material point of this article, which is in- 
tended to show, to the supporters of the nebular hypothesis of 

*W«M<rht of a cubic foot of watt*r in pounds avoirdupois. 

fThis is above the averas:*' spj'cific heat of the heavy metals. 

tKsiimates of the a«rt» of the oldest stratified rocks varv from 10,0(X).- 
000to-30(),000,(M)0 years. SeeCicikie'sT.'Xt Hook of (ieolojry. pp. .")0 and .'>7. 
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the earth's origin, that there is no real necessity for assuming 
or believing that the internal temperature of the earth is high, 
but that instead it is most probably low. 



IMOTES ON SOME LOCALITIES OF MESOZOIC AND 
PALEOZOIC IN SHASTA COUNTY, 

CALIFORNIA. 

By Harold W. Fairbanks, Berkeley, Cal. 

Introduction. In the summer of 1891 the writer, while at 
^^^ork on the geology of Shasta county, was fortunate enough 
t>o make the discovery of several very rich fossiliferous locali- 
ties which appeared to represent horizons previously unknown 
in that part of the state.* Some time later the extensive pa- 
leontf>logical material was placed in the hands of J. P. Smith 
of the Leiand Stanford University, who is at present at 
work on it in connection with a more detailed study in the 
field. The field notes are largely those of the writer, but he 
is indebted wholly to Mr. Smith for the determinations of the 
various horizons described. 

General geology, Shasta county occupies the greater por- 
tion of the Klamath Mountain region which drains into the 
Sacramento river. The hiva flows of northeastern California 
have covered the eastern half of the county, reaching nearly 
to the Sacramento river on the south, while in the northwest 
corner a small flow descended the valley of the same stream 
for a number of miles. That portion of the county to the 
north and west of Pitt river as far as Big Bend is wholly free 
from the lavas, and it is in this region that the richest fossil- 
iferous beds occur. The mountain ranges have a north and 
south trend and rise from two to three thousand feet above 
the valleys, being very rocky but not precipitous. Although 
there is some timber the greater portion of the surface is cov- 
ered with dense brush, making it difticult to traverse except 
over the old trails. 

*The reiKirt on tho geology of Shasta county containing a doscription 
of these discoveries would have been issued bv the California State Min- 
ing Bureau in the winter of 1892-3, but owing to the refusal of the Gov- 
ernor to have the wholp printed it was cut down and much of the geo- 
logical portion left out. 
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The geologicral structure of the central and north central 
portions of the county, lying immediat^^ly west of the lava, is 
comparatively simple. In the regularity of strike and dip of 
the strata over considerahle areas it more resembles that of 
the Sierra Nevada than the Coast ranges. Eruptives too are 
of rare occurrence in the north central portion, that region 
lying between Kosk's creek and the upper Sacramento. While 
so much of Shasta county is auriferous, there is hardly a trace 
of the precious metals in this region. The metamorphic se- 
ries consists to a great extent of slates. Toward the western 
side of the county in the direction of the higher ranges of the 
Klamath mountains there is a considerable change in the 
character of the sedimentary rocks. Although there are large 
areas of slate, yet fine silicious conglomerates are very promi- 
nently developed. The strike and dip also become very ir- 
regular because of the many large musses of intrusive rock. 
It was in Shasta county that the Carboniferous was first rec- 
ognized in California. Dr. Trask made a considerable collec- 
tion from the Gray or Marble mountains near the mouth of 
the McCloud in 1854. Later work was carried on by Whit- 
ney's survey, but no important addition was made to our 
knowledge of the metamorphic series. 

In 1883 J. S. Dillen of the U. S. Geological Survey, began 
work in this section of California, making collections from 
several new localities of Carboniferous limestones. In 1890, 
with more complete paleontological material, the limestones 
on Cedar creek were determined as Trias. In the summer of 
1891 the writer found the first Jurassic fossils in place in the 
Big Bend region, although Mr. Diller had previously picked 
up float specimens near Kosk's creek. 

Jurassic of Big Canon, The youngest portion of this series 
of metamorphic rocks is found just west of the lava sheet, 
whose western border in the northern part of the county is 
Kosk's creek and Pitt river. Big Caflon enters the cation of 
Pitt river a few miles below Big Bend, and in this cafion the 
first Jurassic fossils were found in place. The slates and 
shales vary from black to reddish brown in color, closely re- 
sembling the Jura of Taylorsville. The fossils were not abun- 
dant and consisted almost wholly of lamellibranchs. They 
were found in place and in float boulders in the creek bed. 
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The fossils w^re studied by J. P. Smith and pronounced to be 
the equivalent of the Hardgrave sandstone, Lower Jura, of 
Plumas count3\ It seemed probable that a much larger col- 
lection mi^ht be made from the tipper portion of the cafion, 
but the thickness of the brush prevented at that time any 
farther investigation. The strata are vertical or dip at a high 
angle to the east, and strike nearly north and south. 

Mr. Diller has also obtained fossils from other localities in 
the Big Bend region, apparently higher in the series, for Prof. 
Hyatt considers them as probably equivalent to the Mormon 
sandstone. The Bend formation then consisting of slates and 
argillaceous limestone embraces as far as is known the Lower 
and Middle Jura. 

7"he Trias of Squaw Creek. Farther to the west, the divide 
lietween Pitt river and Squaw creek is capped by extensive 
limestone beds, which are greatly faulted and broken. The 
limestone begins to outcrop prominentlj' on the south near 
t^he point where the trail from Madison's to Brock's crosses 
the divide. It extends northwards for about eight miles, 
^'hen its course carries it across Squaw creek. It is known to 
extend to the divide south of the McCloud river. The beds 
fire not absolutely continuous, but swell and contract in lens- 
like forms. The northern portion of the limestone and in- 
closing shales has a vertical dip, but about five miles north of 
^ladison's the strata change their position, and the limestone 
in part caps the divide, dipping to the east at varying angles. 
The limestone presents bold cliffs several hundred feet high to 
the west, and reaches in places an elevation of 4,000 feet. 
On the summit a little north of the trail to Brock's the lime- 
stone rises in high and rugged pinnacles. Here a rich 
Triassic fauna was found. The fossils are chiefly cephalopods 
and are well preserved ; a large number of species was col- 
lected, many of them being new. In a gulch at the southern 
extremity of the main limestone range there is an opportunity 
to study the transition from limestone to slate, made doubly 
interesting by the fact that some species in the limestone can 
be followed for several hundred feet into the argillaceous 
slate. These fossils were studied by J. P. Smith, who re- 
ported them to belong to the Karnic division of the Upper 
Trias, while the calcareous and argillaceous slates are proba- 
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bly of Lower Karnic age. The limestones are considered by 
him as the equivalent of those on Cedar creek, south of Pitt 
river. In relation to the Taylorsville Trias, he considers the 
limestone equivalent of the Hosselkus limestone, and the un- 
derlying Ammonite slates the equivalent of the Halobia slates. 
The conclusion based on a study of the field was that the 
Squaw creek limestone and associated fossiliferous strata oc- 
cupy an intermediate position between the Jura of Bigeaflon 
and the Carboniferous of the McCloud. The argillaceous slate 
below the limestone is followed in the direction of Squaw 
creek by silicious slates, having a nearly vertical dip. In the 
latter, fully 2,000 feet below the limestone, several poorly 
preserved specimens of brachiopods were found. 

The silicious slates continue southward and are probably 
the equivalent of those at Silverthorne's ferry, where there is 
an exposed thickness o£ nearly 2,000 feet. According to 
the paleontological evidence obtained here by J. P. Smith, 
he would place these slates in the Middle and possibly the 
Lower Trias, of which there are no equivalents at Taylors- 
ville. It is intended to apply the term Pitt shales to these 
rocks, which, together with some Upper Carboniferous strata 
(McCloud shales), twenty miles above the Fisheries, shall be 
embraced under the designation Pitt formation. 

The Carboniferous of the McCloud River. — The Gray or 
Marble mountains of the McCloud river, as a high and rugged 
range, border that stream for many miles on the east. In the 
vicinity of the United States fisheries the scenery is very 
picturesque. The limestone is much disturbed, in places be- 
ing nearly vertical, in others dipping to the east at an angle 
of thirty degrees or less. Whitne}' estimated the thickness 
at the fisheries as 1,000 feet, but it seemed to the writer 
much greater, probably twice that amount. Dr. Trask collec- 
ted the most of his fossils from near Basses ranch south of 
Pitt river, the limestone being the southern continuation of 
that on the McCloud. 

The lowest horizon recognized at the fisheries is a black 
silicious shale, probably 500 feet thick (Baird shales), the 
fauna of which Mr. Smith considers analogous to the Waverl}^ 
but that the stratigraphical position is higher. The fauna 
is chiefly molluscan. This fauna seems to appear at a num- 
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ber of places below the limestone as far up the river as 
CampbelFs. The shales outcrop most prominently on the west 
side of the river just above Baird P. O. Here they are very 
highly metamorphosed in places by dikes of diabase and dia- 
base porphyrite. Four miles above, two specimens of trilo- 
bites were obtained from a dark calcareous shale. They were 
submitted to captain A. W. Vogdes, U. S. A., who stated that 
they were quite similar to Proetns ellipticns from the Lower 
Carboniferous of the middle states. 

The limestone peaks along the east side of the McCloud ex- 
tend in a north and south direction, but the strike of the strata 
is about north 30 degrees west. The repetition of the lime- 
stone bodies in the north and south direction, as well as that 
of the fossiliferous beds along the river, is undoubtedly due 
to sharp folding or faulting. If this were not so the thick- 
ness of the limestone would be immojise. The McCloud lime- 
stones are considered by Mr. Smith as belonging to the Upper 
Carboniferous. The fauna consists chiefly of corals and 
brachiopods. Perhaps the best preserved specimens are to be 
obtained from the oldest known locality south of Pitt river. 
Fossils are however quite abundant in many places as far up 
the river as CampbeH's. These limestone beds lie along an 
axis of great disturbance for at least twentj^-five miles. At 
the southern extremity this disturbance seems to have been 
greatest, for in the vicinity of Basses ranch, south of the main 
limestone range, small areas of the rock appear separated from 
each other some distance, and inclosed in a variety of erup- 
tive rocks. At the fisheries and raury other points up the 
river, the limestone has been intruded by a great number of 
fine grained dikes. These seem to have come up underneath 
and to have very much broken the lower portion. In some 
places radial arms of limestone extend down from the main 
portion of that rock toward the river and are partly or wholly 
inclosed in eruptive masses. On stratigraphical grounds the 
writer would correlate the McCloud limestone with that found 
by Mr. Diller on Soda creek in the extreme northern part of 
the county. The McCloud limestones cross the river about 
sixteen miles above its mouth and are known to occur at sev- 
eral points in the high range east of the Sacramento river. 
The McCloud limestone is generally associated with rocks 
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quite ditferent from thateaetof Squaw creek. On Campbell's 
creek the rock overlying the limestone appears to be a pseudo- 
diorite, associated with others in a highly metamorphic con- 
dition. Nine miles above Campbell's the limestone strata are 
separated by layers of a hard feldspathic rock of a greenish 
color. Twelve miles to the north the overlying rock is a green 
to purplish conglomerate, ver^^ compact and hard. On Chat- 
terdown creek occur quartzite, green conglomerates, and di- 
orite. The great body of the rock seems semi- to fully cry^s- 
talline. The field is undoubtedly an interesting one for the 
study of metamorphism. 

The uppermost horizon of fossiliferous strata on the Mc- 
Cloud occurs about twenty miles above the Fisheries on the 
east side of the river. Here is found a calcareous argillite 
rich in several species of ProdiicUis, besides other forms, 
which according, to Mr. Smith belong in the upper portion of 
the Carboniferous. These argillitic limestones and the asso- 
ciated shales are embraced under the designation, McCloud 
shales. 

The Devonian of the Sacramento liiver. What is perhaps 
the oldest fossiliferous formation in this region is found west 
of the Sacramento river and near the station of Kennett. 
Here occur four or more detached limestone areas associated 
with green rocks and slates; areas probably once more or less 
continuous, but which have been broken apart by intrusive 
masses. The strike and dip of the inclosing rocks is exceed- 
ingly irregular. One body of fossiliferous limestone is crossed 
by the old trail from the Squaw creek to Kennett. The other 
most important ones lie on the mountain side between the 
Backbone creeks. The fossils found here are exclusively co- 
rals and the number of species is not large. Much of the 
limestone seems formed almost wholly of the coral fragments. 
In places a network of coral stems weathers out, almost com- 
pletely covering the surface of the rock. The age of this 
limestone is probably Devonian, according to determinations 
made by the U. S. Geological Survey. 

Geoloffical liesnlts, Mr. Diller has added largely to our 
knowledge of the geology of Shasta county. Several locali- 
ties of Triassic and Jurassic as well as Carboniferous fossils 
have been reported by him. The age of Ihe main portion of 
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the Klamath mountains, however, yet remains to be deter- 
mined. 

There are then probably four importjint geological horizons 
represented in this section : Devonian, Carboniferous, Trias, 
and Jura; the fossils showing the rocks to be successively 
older from east to west. The structural relations of the dif- 
ferent horizons yet remain to be worked out. Whether un- 
conformities exist is not yet known. It would appear that 
the region of greatest upheaval and disturbance lay to the 
west; that structurally the Klamath mountains are more dis- 
tinct from the Sierra Nevada than has been supposed. 

There is 3^et no proof of any granite or other cr^^stalline 
rock in this region older than the sedimentary complex. The 
hornblende granit:e near the Fisheries, referred to by Becker 
and White as older than the sandstones underlying the Car- 
boniferous, is probably younger, as it is fine-grained near the 
edges and terminates in ramifying dike-like arms. The age 
of the most of the granite of the Klamath mountains is not 
known. That of one of the eastern ranges, the Trinity 
mountains, is probablj' post- Jurassic. 



ON A RECENT DIAMOND FIND IN WISCONSIN AND 

ON THE PROBABLE SOURCE OF THIS AND 

OTHER WISCONSIN DIAMONDS.* 

By William H. Hobbs. Madison, Wis. 

In October, 1898, a son of Charles Devine found some bright 
sU)nes while playing in a clay bank on the farm of Judson 
Devine which is located near the village of Oregon in Dane 
county, Wisconsin. These stones he took home and in Nov- 
ember of the same year they were brought to me for examin- 
ation. One of them proved to be a rough diamond, the others 
being quartz pebbles. The diamond is a slight!}' distorted 
rhombic dodecahedron with much rounded faces. It has an 
average diameter of about a quarter of an inch and weighs 
3.83 carats. It is not perfectly transparent, but the grayish 
coloring matter which it contains is apparently superficial. 
The edges of the rhombic dodecahedron seem to be slightl}'^ 

♦Read bfforc the Wisconsin Acadomv of Sciences. Dec. iiOth, I89H, 
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truncated by the faces of the icosatetrahedron. Numerous 
irregular-shaped cavities appear on the faces of the dodeca- 
hedron and are probably etchings. Mr. Devine sold the stone 
to Messrs. Tiffany & Company of New York, and I have been 
informed by Mr. George F. Kunz that it would doubtless cut 
white but would not be entirely perfect. The stone has been 
placed uncut in the "Exposition Collection'' of gems prepared 
by Tiffany & Co. Mr. Devine's farm, on which this diamond 
was found, is two miles south of the village of Oregon and 
about twelve miles south of Madison. Jt was found in the 
till or boulder clay of the Kettle moraine. The residue of 
this material after elutriation to free it from the more finely 
comminuted matter, is found by microscopic examination to 
be composed of rounded quartz grains of variable size with a 
few oxidized grains of pyrite. 

Considerable interest attaches to this find when considered 
in connection with other Wisconsin finds of diamonds. In 
1876 a stone was found while digging a well on the farm then 
owned by Dr. Tucker in the town of Eagle near Waukesha.* 
In November, 1883, Mrs. Clarissa Wood sold the stone to Col. 
S. B. Boynton, a Milwaukee jeweler, for one dollar, neither 
party to the transaction knowing that the stone was a dia- 
mond. When it became known that the stone was a valuable 
diamond, suit was brought by Mrs. Wood against Col. Boyn- 
ton for its recovery. The case was carried to the supreme 
court of the state and decided in favor of the defendant. 
The stone is still uncut in the hands of Col. Bo^^nton, who 
now resides in Chicago. Through his courtesy I have been 
allowed to examine it. Like the Oregon stone, this diamond 
is a rhombic dodecahedron with rounded faces. The faces 
are sometimes vicinal, indicating a hexoctahedron of irrational 
indices. The faces also occasionally exhibit peculiar circu- 
lar markings and low elongated triangular protuberances not 
altogether unlike those sometimes seen on the rhombohedral 
faces of amethyst. The crystal is but little distorted, is very 
transparent, and has a wine yellow color. On one side is a 
small flaw, apparently superficial. The weight of the rough 

♦Mill. Res. of U. S. for 1883 and 1884. p. 732. (1885.) 

Cf. also Geo. F. Kunz, Cn*ms and Prt'cious Stones. New York, 18JH), 
p. 35. 
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stone is about 16 carats. Col. Boynton has given me the fol- 
lowing facts concerning the section of material penetrated by 
the Eagle well in which this stone was found. Loose gravel 
extends from the surface to a depth of 25 feet. This is fol- 
lowed by 45 feet of cla}'. Below the clay is a layer H feet 
thick of hard yellow "matrix/^ which is doubtless gravel or 
clay cemented by oxide of iron. It was in this material that 
the diamond was found. Below it the well w^as sunk for tw'o 
feet through clpan gravel. Two small diamonds are said to 
have been subsequently taken from the well. There is also a 
report of a stone that is said to have been found when the 
well was begun in 1868. It was the size of a robin's egg. 
Parties who saw both this stone and the Eagle diamond claim 
that the only noticeable diiference was in size. This stone 
may have been a diamond, but the evidence is insufficient. 

While prospecting for gold in the summers of 1887, 1888, 
and 1889, Mr. G. H. Nichols of Minneapolis and two compan- 
ions found a number of small diamonds in the bed of Plum 
creek in Rock Elm township. Pierce county.* Three of these 
stones, weighing 25-32, 7-16, and 3-32 of a carat respectively, 
were sent to Mr. Kunz for examination. All were found to 
be hexoctahedra and either white or yellowish. 

I am informed by Col. Boynton that a diamond very much 
like the Eagle diamond was found in 1884 by Henry Endlich 
on his farm at Kollsville near West Bend in Washington 
county. Mr. Boynton describes this stone as wine yellow and 
of the same form as the Eagle diamond. It was harder than 
emery and weighed 2^ carats. The same hard yellow fer- 
ruginous "matrix" which is found in the Eagle well occurs on 
Mr. Endlich's farm at Kollsville. I learn by correspondence 
that Mr. Endlich has since died and his family has moved 
away from Kollsville. I have not yet succeeded in getting 
into communication with any member of the family, but I 
think there can be little doubt that the stone found by Mr. 
Endlich was a diamond. f At the time Mr. Boynton examined 
the stone he was in possession of the Eagle diamond, and he 

*<)n thn occurrence of diamonds in Wisconsin, Hull. Geol. Soc, Am., 
vol. 2, p. 038. (1891.) Of. also Min. Res. of U. S., 1889-1)0. p. 440. (1892.) 

f Since the above was writttMi. i have learned that Mrs. J^>uie F^ndlich 
of Kewaskum, Wis., now has the stoii *, but I have had no oi)i>ortunity 
to examine it. 
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tfllB me that aft«r it came into hJR hands he gave- eoneidi'rable 
attention tn the properties of geuiK. 

Diamonds have then been found at four widely separated 
localities in the state of Wisiondn, namely: at Eagle in 
Waukesha county, at Kollsville in Washington county, at 
Oregon in Dane county, and on Pluui creek in Pierce county. 
In the last mentioned locality the stones were found in the 
bed of a stream within the area of the older drift, perhaps 
twenty miles from the. Kettle moraine. The other localities 
are on the Kettle moraine of the Green bay lobe of the ice- 
sheet, OS may be seen by reference to figure 1. Supposing 
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the §tate or a region still farther to the northward, as is elear- 
. ly shown by the glacial strisB. The Pierce county diamonds 
are unlike the others described in that they are all small and 
occur in hexoctahedral instead of dodecahedral crystals. 
They could onl}' be considered to have the same source as the 
others by supposing that all are derived from some area well 
toward the Hudson bay country in Canada. 

It is interesting here to note that in the Menominee region 
on the northeastern boundary of Wisconsin are basic intrusive 
rocks which cut shales containing considerable percentages of 
carbonaceous matter, thus reproducing the conditions which 
obtain at the South African diamond mines. Very similar 
conditions obtain in the Pigeon river region northwest of lake 
Superior. Tiie Pierce county diamonds may be easily con- 
ceived to have come from the latter area. It is not at all im- 
probable that productive diamond mines ma}' sometime be 
located in one or the other of these areas. In the meantime 
diamonds wnll be found occasionally in the drift. There is 
little to be hoped for in the systematic search for stones in 
the moraine, as they are probably disseminated with consid- 
erable uniformity through it. This would seem to be shown 
bv the occurrences that are known. 



DIFFERENTIAL FAULTS. 

* By William H. Hobbs. Madison, Wis. 

The dislocations of the earth's strata are generall}^ classi- 
fied, (1) according to the direction of the fault line with ref- 
erence to the strike of the beds, into strike faults, diagonal 
faults, and cross faults; and, (2) according to the direction 
of hade with reference to dip, into vertical faults and faults 
with inclined hade. The latter type is further classified, (a) 
according to the direction of throw of the hanging wall, into 
normal and reversed faults or overfaults; and, (b) according 
to the relation between the hade and the dip of the beds, into 
faults which hade with the dip and faults which hade against 
the dip. Margerie and Heim in their admirable resume of 
our knowledge concerning faults,* distinguish two main types 

*Margi'rie et Heim, L<»s dislocations de Y ecorce tern\stn«. F^ssai de 
deflnitiou et de nomenclature. Ztlrich, 1888. 
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of faults, namely, those resulting from vertical movements, 
and those resulting from horizontal movements in the earth's 
crust. 

None of the above classifications takes into account the in- 
clination of the crest and trough lines, or in other words the 
pitchy of folds of strata, and it is evident that a new type of 
fault is found if the pitch of folds is different in the two 
limbs of an inclined strike fault. An instance of this kind 
I have recently described from the southern extension of the 
Green mountains in Massachusetts and Connecticut.* The 
fault described is a strike fault and one resulting from hori- 
zontal movements. Its course is roughly north-south, follow- 
ing for a considerable distance the direction and approxima- 
ting the position of the Housatonic river. It has an inclined 
hade uniformly east, throughout the twelve miles that it has 
been studied. Throughout this distance no noticable pitch 
of the folds is observable to the eastward of the fault line and 
consequently' a single horizon — the Canaan dolomite — is ex- 
posed. A steep northerly pitch, however, characterizes the 
folds to the west of the fault line, so that not only the Canaan 
dolomite but two superior beds — the Riga schist and the 
Egremont limestone — appear along the fault line to the north- 
ward, and two inferior beds — Cambrian quartzite and gneiss 
— lie along it to the southward. For a part of its course Ca- 
naan dolomite lies on both sides of the fault line. Some- 
where within this stretch of the fault line is a point at which 
there has been no displacement, but about which the western 
limb of the fault has suffered a differential movement like 
that of a lever about its fulcrum. As the arm to the north 
has been depressed, that to the south has been elevated. It 
is therefore only to the northward of this point that the fault 
is of the true reversed type. To the south of the fulcrum 
point the relations observed to the n\)rth are reversed. The 
eastern or hanging wall is downthrown and the western or 
foot wall is upthrown. These relations correspond to those 
of the normal fault, since a vertical line would penetrate any 
given horizon but once. The amount of throw increases pret- 

*\Vm. H. Hobbs, On Uu* ^eoloirical strucliin' of the Housatonic val- 
ley Ivinircast of mount Washinirton. .lourn. of Cmh)!.. vol. I. pp. 7!K*}-7i)8. 

{Nov.-i)»*c.. iso:j.) 
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ty uniformly in going either to the north or to the south from 
the fulcrum point. 

The unique feature of this fault is the diiferential move- 
ment of the western* limb with reference to the eastern one, 
and I therefore propose to call it a different fal fold faidf. 
Mild cases of this type of fault are probably by no means 
rare in mountain districts, but they would usually escape de- 
tection on account of the low angle of pitch. As more atten- 
tion is given to the pitch of folds in the study of mountain 
structure, it may be expected that pronounced instances of 
such faults will be occasionally discovered. 



THE EARLY STAGES OF BACTRITES. 

By John M. Clabke« Albany, N. Y. 
^ Plate II.) 

In a recent number of this journal* the writer took occasion 
to describe the protoconch of a Devonian species of Orthoceras^ 
remarkable for its fullness and rotundity, without evidence of 
distortion or shrinkage. In connection with this description 
reference was made to the similarit}^ of form existing between 
this protoconch and that of the genus Bacfrifes, as repre- 
sented by specimens from the same geological horizon. 

The protoconch of Bactrites has been described by Brancof 
from specimens derived from the Wissenbach slates. This 
eminent cephalopodist mentions eight examples retaining this 
initial shell, in material which had been furnished to him by 
Privy-counselor E. Beyrich, and the figured examples show 
this protoconch to be an elongate, egg-shaped body, the shell- 
tube being attached at (me of its extremities. The more com- 
plete of these figures, which is here reproduced in outline, 
shows this form as well as the narrowness and regular upward 
expansion of the sheiUtube, and also the lateral position of 
the sipho, which has commonly been regarded as the principal 
determinative feature of the genus. 

The ovoid form of the protoconch is, as observed by 
Branco, unlike anything occurring in the Ammonitinie or the 

♦American Geologist, vol xii. pp. 112-115, Aii«r., 189'?. 

fZeitschrifl d»»r deuisch. ^'vol. (i»'S»'Ilsch. vol. JJT. pp. \-\). fiirs. I, 2, 
188.5. 
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Goniatitinie, except in the genus MimoceraM (Goniatites com- 
pressus), where, in addition to this peculiar form of the pro- 
toconch, the initial portion of the shell-tube is straight, the 
primary volution free and the umbilicus open. Before the 
record of this observation, considerable divergence of opinion 
had been expressed by authors as to the phyletic position of 
Bactritea* many choosing to associate it with Goniatifes 
among the ammonoids. Hey rich ( 1851 ) regarded the genus as 
an orthoceran with marginal sipho. and this view was shared by 
F. Koemer, Owen and C^uenstedt. In 1877 Harrande figuredf 
as BuctrUcs hijntti^ what was believed to be the initial ex- 
tremity of a specimen which had been found in the Munich 
university collection, labelled U. (jvnvilin Sandberger, and 
drawings of which had been prepared for him by Hyatt. 
These figures, however, show that the specimen bears no pro- 
toconch, but begins with a tai)ering. conical chamber having 
a cicatrix on its distal surface. Hranco, in 1880 (Paheonto- 
graphica, iii ctf.). while expressing some doubt as to the gen- 
eric relations of the Munich specimen, stated his conviction 
that, should this prove a genuine Jiactrifcs^ there could 
then be no question of its close altinity to Orthorvras. The 
description of the Wissenbach j)rotoconchs a few j^ears later 
dispelled this view. 

An antici[)atory glance at the figures here given of proto- 
conch-bearing specimens of linrtrifes will serve to show not 
only a difi'erence in the form of this bod}' and that ascribed 
to the genus by Branco, but also the very close similarity be- 
tween it and that of Or fh or eras, as given by the writer, and 
that of Belchnu'fes as given by Branco.* These differences in 
the initial stages of shells ascribed to Bactrltes lead first to 
the inquir}^ as to which of all these specimens really belong to 
this genus, for it would seem that all cannot. Branco showed§ 
at some length and quite conclusively that the Munich speci- 
men figured by Barrande could not be accepted as a repre- 
sentative of this genus. With equal lucidity he indicated the 

♦For a summary of tht-sc opinions see Branco, Pala'ontojrraphica, vol. 
27. p. 4J), 1880. 

fCephaloix>dos: Etudes Gc'iHTalcs, pi. 41)0. tt^. 1: p. 120. 

tZeitschrift derdeutsch. ii^nA. Osellsch. vol. 32, p. 008, fljr. 7. bSSO: 
also Pala?onlograj)hica. nt cit. 

JiZeilschr.. ut rit. vol. 37, 188.5. 
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points of agreement in his specimens with the diagnostic 
characters of liactriies. Though not venturing to determine 
their specific characters, he felt that tlie evident marginal 
position of the sipho was sufficient to establish their generic 
relations. Against this interpretation the writer can urge 
nothing, but only set forth the character of the material 
which has passed under his own observation. 

Bactrites^Vi^ defined by its founder, G. Sandberger (1841), 
is based upon the species B. f/ract'lis G. Sandb.. the original 
localities of which are Wissenbach and Hudesheini. The 
shells of the genus are long, slender, slowly expanding tubes 
having an elliptical cross section, gently oblique septa, some- 
what expanded aperture and the surface covered with fine 
concentric lines, which are more or less oblique and make a 
slight retral bend above the position of the sipho. As speci- 
mens are usually preserved, the sipho appears to be distinctly 
marginal. Upon internal casts of the shell the sipho seems 
almost invariabl}^ to make a distinct lobe in the margin of 
the septum. The structure at this point, however, is delicate, 
and such casts may readily convey an inexact conception. 
The position of the sipho is not precisel}' marginal, but a very 
narrow moiety of the septum lies between the tubular siphonal 
collar or funnel and the wall of the shell. A very slight varia- 
tion in the direction of this collar, which is often perfectly ap- 
parent in any single specimen, will, in case of an outward in- 
clination, attach the collar to the shell-wall, but if the direc- 
tion be inward the collar may remain altogether free from the 
shell. This structure is seen in the accompanying figure 
(Plate II, fig. 3). The detachment of the shell-wall usually, 
indeed almost invariably, carries with it the outer portion of 
the collar, thus forming very distinctly an apparent dorsal lobe. 
It is the presence of this lobe that Branco has taken as giving 
the generic status to his specimens. 

The material upon which the observations here made are 
based has been derived from the Naples beds or the horizon 
of the Goniatites intumescens fauna, in various localities in 
Ontario and Livingston counties, New York. Its representa- 
tion is abundant and its preservation exceptionally favorable. 
A few of the specimens are preserved in pyrit^, some are 
in limestone and shale, but the great majority are exquisitely 
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retained replacements in silica. These silicious fossils are 
diiferentlj preserved, many of them are simple replacements 
of the shell in all its parts, without the filling of the inter- 
spaces; others have the silicious shell retained in connection 
with a silicious filling of the internal cavities, though the 
depositions are discrete and were evidently successive; by^ 
the breaking of the external shell the internal filling can be 
readily removed. Again, the silicification of the shell has 
frequently been continued into an int<?rnal thickening which 
may more or less completely fill the chambers, though usually 
leaving the siphonal cavity unclosed. In this material there 
are twenty-four examples which retain the protoconch ; many 
of these are not mere parts of mature individuals, but the 
young shells themselves. These specimens represent at least 
two distinct species of Bactvites^ one a long, styliform shelU 
with decidedly elliptical cross-section and comparatively dis- 
tant septa ; the other a more rapidly expanding shell, sub- 
circular in cross-section and with closer septa. The former, 
I am disposed to believe, includes the specimens from this 
horizon which have been described as Orthoceras and Coleo- 
hi8 aciculum Hall, probably also O. acicnloides Clarke, and 
some portion of the specimens which, in the absence of deter- 
minative material, have been referred to O. pacafor Hall. The 
latter is a species which is hardly distinguishable from Sand- 
berger's B. gracilis. Not only does it possess the contour and 
proportions of the specimens described by him,* but it also 
bears the characteristic surface sculpture over all the earlier 
shell growth, **sehr feine schrKg zurti Rftcken laufende Lin- 
ien," and upon the later growth, especially the body chamber 
are "verwaschene, wellig-heraustretende, schrflge, breite Quer- 
rippen auf den Seiten, welche zu einer stumpfwinkeligen Dor- 
salbucht zusammenneigen.'' Without entering into a more 
detailed account of the specific features of these specimens, it 
will serve our purpose to regard them as representing B. 
yracilis Sandb.f 

Protoconch. This is a bubble-shaped body, frequently a 

♦VtTStcin. di's rhein. Scliicht. Sysi. Nassau, [). IJiO. pis. xi. fijjs. Da. 
b: xii, fi«rs. '2. a-f: xvii. Hsrs. 5. a-r, 18r>G. 

fThis s|K*cics occurs at a c(>rrt'SiK)n{liiijr horizon on tlic lb«*rg and else- 
where in (iermanv. 
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little unsymmetrical or directed to one side, very broadly 
seseile upon the end of the shell-tube, from which it is sepa- 
rated by a sharp constriction. Its form is uniformly globose 
or subspherical, without the slight diminution in diameter or 
tapering, which is seen in the protoconch of Orthoceras des- 
cribed from the same fauna, as well as in that of Belemnifes, 
as figured by Branco. In all these, however, the degree of 
constriction at the base of the protoconch is the same. Fig- 
ures 4 and 5, which represent the usual form of this body, are 
taken from specimens in which the original shell has been 
replaced; figure 6 is from a smaller individual and shows a 
decidedly broader constriction at the first septum and a rela- 
tively less diameter in proportion to that of the shell- tube. 
This is a solid internal silicious cast, but the difference in re- 
tention will not explain the differences in size and form. 
Figures 4 and 6 have the same degree of enlargement, and 
while specimens like figure 6 are not uncommon, they all have 
a uniformity in size, at times the protoconch being even less 
dearly defined than here. These differences may be specific, 
or perhaps the smaller protoconchs and young shell-tubes may 
be parts of more fully grown shells, and have suffered dimi- 
nution in size from resorption. 

First septum. Frequently the delicate protoconch is broken 
and such specimens have afforded means of determining the 
fact that the opening of the sipho in the first septum is dis- 
tinctly lateral, as shown in figure 7. This is an important 
distinction from the character of the first septum in Orthoce- 
ras^ where the opening of the sipho is central. None of the 
specimens studied have afforded means of determining how 
the sipho begins, or whether a cicatrix exists upon the distal 
surface of the septum. 

Initial Shell-tube, The Oucoceras- or Gomphoceras-Uke 
swelling of the shell-tube directly above the protoconch is one 
of the most striking features of these shells. In specimens of 
B. (jracilis it is highly developed and a persistent feature. 
The increase in diameter from the first septum upward is 
quite rapid for a distance of two air chambers, and thence 
falls rapidly away. I speak of this as an Oncoceras-Wkid ex- 
pansion, for its form, usually unsymmetrical, suggests that 
genus and may afford a key to its phyletic position. It may 



42 l^he American Geologist, July, 1894 

be observed tbat the last septa of Oticoceras crossing the ex- 
panded portion of the tube are frequently crowded together 
in a closer juxtaposition than elsewhere in the shell. Such a 
rapid recurrence of the septa is construed bj- H3'att as an 
evidence of degeneracy or senility. 

This expansion is less developed in li. ffcicHhtm, but its 
presence is evident. In Hranco's figure, however, there is no 
such feature, the tube in the vicinit}" of the protoconch being 
narrower than at any other section. 

OrtKimenftitioii. The fine, obli(iue thread-like lines which 
cover the surface are readilv distini'uished to the verv base of 
the protoconch (figure 4). Toward the later parts of the shell 
they become more distant, gradually less distinct, and near 
maturit}' are lost or extremely obscure, becoming merged into 
the low, oblique undulations of the surface over the body 
chamber of the mature individual. In B. acicnlum there are 
periodic internal annular thickenings of the shell substance, 
which are even manifested on the minute example shown in 
figure 9 (an internal cast in pyrite), but similar developments 
have not been observed in B, (/rficiiis. 

Whatever may b(» the apparent discrepancies in Braneo's 
determinaticin of the Bnctrites protoconch and that here given, 
it may at least be said for the material here studied that it 
corresponds, even to its specific characters, with that upon 
which the genus was established. If the evidence presented 
brings us to the conclusion entertained by many of the older 
paheontologists, that Bactrites is closely related to ()rth(»ccras^ 
this conclusion is attained, by means of data not before elab- 
orated, namely, the existence in both of like protoconchs. 
This fact, fortified by the decisive evidence that in Bactrites 
the sipho is strictl}' intra-niarginal, the formation of a dorsal 
lobe wholly casual, leads to the conviction that Bactrites is 
little else than an orthoceran nautiloid with a lateral sipho. 
Both Branco* and Hyattf have suggested the probability of 
Belemnites having been derived from orthoceran stock. Hyatt 
demonstrates that the guard or rostrum in this genus is a hy- 
pertrophic secondary deposition about the earlier parts of the 

*PalieontojLrraphica, ut. cit. 

f Pruc. Amor. Assoc. Adv. Sci.. vol. 32. p. 337. 1884: and Science, vol. 
3, p. 124, 1884. 



Editorial Comment, 43 

true conch, similar to the plug which is sometimes found fill- 
ing the distal fractured extremity of the sipho of orthocera- 
tites. The similarity of structure in the true conch of Belem- 
nites, Bactrites, and Orthoceras, is now increased by the dem- 
onstration of like protoconchs in all. 

Explanation of Plate II. 

Fi«. 1. A n^luced copy of Hranco's figure of the protocoiich of Bar- 
tritttt. A 20. 

Fig. 2. Dorsal view of an internal calcareous ca^t of B. cf. (jrarilix, 
showing the usual appearance of the sutures, the undulations of the 
body chamber and the expanded aperture. x.|. Naples, N. Y. 

Fio. 3. Interior of a iK)rtion of the shell of BfU'tritea cf. (/racilis, show- 
injf the intra-mar<rinal position of the siphonal collar. x4. Honeoye 
Lake, N. Y. 

Fio. 4. A shell retaining the protoconch and showing the exi)ansion 
of the initial lube and the ornamentation (/?. cf. yrnriliM). xlG. Hone- 
oye Lake. X. Y. 

Fig. 5. Dorsal view of a shell with a fractured protoconch, the tube 
itself being broken along the line of the sipho {B. cf. yrncilis). xlO. 
Honeove Lake, X. Y. 

Fkj. G. Internal cast of a protoi'onch-bearing shell, fjrobubly B. aci 
ctilum. xlO. Honeove Lake, X. Y. 

Fig. 7. The distal surface of the first septum (somewhat broken), 
showing the lateral jx)sition of the sipho. The margin of the septum on 
the left is the line between light and shade. x50. 

Fig. 8. A BaHrite.H hvoVi^ix along the dorsum, exposing ten septa, some 
of which retain the siphonal collar: also showing the expansion of the 
shell just above the detached protoconch. xlG. Htmeoye Lake, X. Y. 

Fig. 9. An internal cast in pyrite of a young Bactritea iari'ubim), 
with bodv chamber and two air chambers. xKJ. Middle.sex, X. Y. 
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Death of Mr. Wm. Pengelly. 

To geologists and archaeologists alike the news of the death 
of Mr. Wm. Pengelly, of Torquay, England, will be cause of 
regret. Mr. Pengelly was so well and so long known as the 
patient and thoroughgoing explorer of Buxham cave and 
Kent's cavern, under the auspices of the British Association, 
that it seems as if a conspicuous figure had disappeared from 
the field of science. His strong personality and utter engross- 
ment in the work to which he devoted the last thirty years of 
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a long life combine to render him familiar and memorable to 
all who shared his enthusiasm. To his labor science owes the 
firm establishment of the doctrine of the antiquity of man on 
a base which can never again be shaken. He went through 
the storm that assailed him and his fellow workers when they 
announced their then unpopular doctrine, and lived to see the 
opposition dwindle down till it has now almost disappeared, 
except where thought and reason do not hold sway. Hours 
spent daily in Kent's cavern for thirteen years are commemo- 
rated by hundreds of boxes in his house, "Lamorna.'* Torqua3% 
and piles of specimens exhibited in cases of the museum in 
the town. But to the scientific world outside, his elaborate 
yearly reports tr> the B. A. A. S. will form his monument, 
"more lasting than brass." e. w. c. 

The Coi.rMBiAN Exposition. 
Exhibita of the Geology of Canada. 

Besides the Geological Surve}^ exhibit of minerals, j-ocks, 
fossils, precious stones, and building materials, all of which 
were from the Dominion as a whole, there were separate ex- 
hibits from Canada representing the resources of British 
Columbia, the Northwest Territories, Ontario, Quebec, New 
Brunswick, and Nova Scotia. Each province had its mineral 
exhibit by itself, w'hilst the Dominion Geological Survey oc- 
cupied a limited amount of space not far from the other 
Canadian products of the mine. There was exhibited, on be- 
half of the Government Survey, an ext<?nsive series of rock 
specimens illustrating the lithological characters of the Lau- 
rentian, Huronian and subsequent systems down to Post-Ter- 
tiary and recent deposits. There were no less than 1,411 
rock specimens properly labelled, described and catalogued, 
giving an excellent opportunity to see the nature of the for- 
mations from the Atlantic to the Pacific and from the interna- 
tional boundary line to the Arctic ocean. 

The paheontological collection consisted of ^,446 specimens 
of fossils, representing nearly seven hundred genera. These 
were classified both chronologically and zoologically, and 
formed an attractive as well as interesting exhibit, by far the 
most extensive and comprehensive collection of fossil remains 
in the Mining building. The specimens were exhibited in 
neat hardwood and glass cases, which we understand are to 
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be used for the formation of a new museam at the Canadian 
National Rocky Mountain Park at Banff in Alberta. There 
was also the graphite exhibit by the Dominion Plumbago Co., 
besides the collection of Canadian precious stones and gems. 
The collection of Eozoihi canadense Dawson formed a con- 
spicuous feature of the palaeontological series. 

Then came the provincial exhibits. Quebec was conspicu- 
ous with its admirable and attractive display of asbestus, 
mica, and apatite, and of iron and copper ores. 

British Columbia, with its gold, silver, lead, and copper- 
bearing rocks, was conspicuous by the neatness and attrac- 
tiveness of its exhibit. A tall pyramid of gold bricks (mod- 
els), as a trophy, stood alongside the beautifully classified 
ores of silver, lead, and copper. Each district was well repre- 
sented, Kootenay, Kaslo, Lardeau, Big Bend, Kamloops, etc.: 
whilst the coal of the celebrated Nanaimo and Como collieries 
was all that could be desirecl. 

Ontario had a superb exhibit of nickel, its ores and prod- 
ucts. Blocks weighing 6,000, 8,000, and 12,000 pounds, were 
placed alongside the magnificent display of ore in the matte 
of calcined and partially reduced nickel ores, along with the 
refined metal and products therefrom. This was certainly the 
finest displa}^ of nickel ore which the world has ever ^een. 
Ontario was also well forward with its iron, apatite, and mica, 
besides lithographic stones, petroleum, salt, and copper. 

As to Nova Scotia and New Brunswick, these two maritime 
provinces were not as well represented as might be. Nova 
Scotia with her coal, gypsum, iron ores, and other products, 
could have made a much better showing. New Brunswick 
had building stone and gypsum amongst its leading products 
of the mine, besides ores of manganese. 

The Northwest Territories of Canada, including Alberta, 
Saskatchewan, Athabasca, and Assiniboia, had building stone, 
coal, tar, and clays, as special products; but those were not 
shown to great advantage. 

Nevertheless, on the whole, Canada's mineral wealth was 
well displayed and showed not only that ores are plentiful in 
many districts, but also, b}' accompanying notes of assays of 
these ores, that many of them are of high grade and quality. 

H. M. A. 
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The, C }* y stall }}}€ Rocks. 

The descriptions already published in this series have given 
some of the features of the exhibits of the crystalline rocks, 
which might otherwise be mentioned here. The purpose of 
this note will be to supply some interesting facts that have 
not been noted 

One of the largest collections of the products of the crys- 
talline rocks was found in the exhibit of the C'anadian Geo- 
logical survey. It was under the care of Dr. A. R. C Selwyn, 
aided by several of the officers of that survey. It embraced 
about 1,500 specimens illustrative of the Archean, from Nova 
Scotia to the Pacific coast. A unique feature here was a full 
series of all the forms of the world-famed Jutzo'm cn}}adei}sc^ 
which are preserved by the survey to illustrate a historical 
episode in geological literature. 

Another interesting series consisted of serpentine, of vari- 
ous structures and colors, in many cases cut by asbestos veins, 
in others produced by change from EozoHn limestone. The 
former is from Thetford and the latter from Petite Nation. 
Dr. T. Sterry Hunt, in his discussion of the Canadian serpen- 
tines, divides them into two groups.* The older he consid- 
ered non-chromiferous, and the latter carries much chromic 
iron. 

There was a very singular structure exhibited from the 
Little Rapids and High Rock phosphate mines, Portland, 
Quebec. Very many pyroxene masses, somewhat rounded, are 
embraced in a granite; and sometimes these dark masses so 
penetrate the rock in sheets as to give it a stratified aspect. 
These appeared to be exactly like those dark masses so fre- 
quent in acid crystallines, which have been assigned some- 
times to "concretionary" forces. But this structure is in 
keeping with the idea that this rock was formerly a stratified 
conglomerate. 

Beautiful large slabs of v.'hite orthoclase containinggarnets 
were exhibited from Buckingham, and apatite and mica in 
large crystals from the Lake Gerard mine, Wakefield. One 
mica crystal was thirty inches in diameter and eight inches 
thick. There were also tourmaline crystals six inches and 
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more in length, largely changed to mica, also to pure quartz. 
Theee were from Villeneuve, Quebec. 

In the Canadian Survey exhibit was an instructive map, 
vrhicii under the animated explanation of Dr. Selwyn was 
made to point an interesting geologic fact. This map was 
made by Mr. H. Fletcher, and covered an Archean area in 
!Nova Scotia and Cape Breton, an area which is most thor- 
oughly worked in respect to the relations of the parts of the 
Archean. Dr. Selwyn is thoroughly convinced r)f the cor- 
rectness of Mr. Fletcher's view, that there is no possibility of 
separating the Canadian Huronian from the Laurentian by any 
stratigraphic distinction, such as a non-conformity. Mr. 
Fletcher has despaired of making any fixed stratigraphic 
separation. His map shows one color for both, but tiiey are 
marked by the letters A and B, meaning upper and lower Ar- 
chean. The passage from one to the other is gradual when- 
ever the stratigraphic succession is examined, but local irreg- 
ularities occur. 

Under "Laurentian," H. A. Ward had a show of Eozom 
and, strange to say, Cryi>tozo<iu proli/ennn, from Saratoga, N. 
Y., labelled from the "Potsdam." That is a well-known Cal- 
ciferous fossil. The tendencv to crowd the term Potsdam 
upward, apparently to make it cover the western so-called 
Potsdam, which is near the ( -alciferous, is absurdly exempli- 
fied in this fossil, since its western analogue, Criiptozoon min- 
uesotetise, is found only in strata far above even those western 
strata to which the term Potsdam has been applied. At that 
rate, the whole of the northwestern Upper Cambrian must be 
included under the term "Potsdam ;" and the Lower Magne- 
sian. with its subdivisions, and the intervening sandstones, 
will lose their significance as coordinate members of the 
Cambrian. It would be difficult to extend the effects of a 
stratigraphic misnomer to a greater extreme. The CnjptozoHn 
in Ward's collection was very fine, some large lenticular 
pieces being sliced and polished. These were put in juxta- 
position with Kozotin because of their apparent structural 
organic resemblance, and it was indeed quite obvious. It may 
be said that the discovery of Cryptozoiin furnishes a strong 
argument for the original claim of Eozoiin, n. h. w. 



48 The American Geologist, Jaly, 1894 

REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Report on Irrigati<ni. \^\ R. .1. Hinton. SiK'cial Ajr^Mit in charjcr**. 
Government Printing Oftlce. Wnshinjrton. 1893. This bulky volume is 
made up of four parts. The first i)art contains a summary of the re- 
sults and methods of irrigation on the great plains, with details of the 
various elements that mon» or less directly affect the work. Then fol- 
lows a review of the progress of irrigation in the various states that 
practice it. S<*veral paiHTS accompany these rt)jx)rts, touching si)ecial 
localities and siiecial asi^ects of the pn)blem, both in America and in 
the Old World. Between forty and fifty maps and illustrations are in- 
terspersed among the pages, showing the different methods adopted and 
the results obtained. 

The second part is the final reiH)rt of the chief engineer. Col. E. S. 
Nettleton, on artesian and underflow investigations. It contains 
elaborate details on the engineering problems connected with the sub- 
ject of artesian wells, the natural springs of the arid region, esi)ecially 
along the Coteaus, and the legislation touching the various questions 
that arise on this particularly western topic. . It is illustrated with 28 
profile maps and well records. 

The third part contains the re|iort of Prof. Robert Hay, in 39 pages, 
on the artesian and underflow investigati(»ns between the meridian of 
97° and the f(K)t-hills of the Rocky mountains. Here we find the geo- 
logical details of the problem, so far as they (certain to the part of the 
work under discussion. — the water-bearing rocks of the plains, their 
elevation, the source of their supply in the mountains, the flow of the 
rivers, the e.xtent of the artesian area, and the cause of flow. 

The fourth part is Prof. R. T. Hill's reiw^rt on the occurrence t)f arte- 
sian and other waters in Texas, New Mexico, and Indian Territory west 
of the 97th meridian. It contains a general account of the region and 
its geographic features, with discussions of the artesian conditions pre- 
vailing in the different iiortions. Nineteen sheets of illustrations, maps, 
and sections, accompany this pa|M»r, which fills 105 pages. 

Following the above four parts, which alone are mentioned on the 
title page, comes a paper by Prof. L. E. HiCKs on the underflow and the 
geological structure of Nebraska, and their effect on the water supply. 
A survey of the lioup valley is added, with esi)ecial regard to the hydro- 
graphic features. It occupies twenty pages, with five jilates. There is 
also a pai)er by Prof. Ci. E. C'ilveu on the Dakota basin, in which the 
author treats of th«* artesian b()riiigs. with especial reference to the 
Black Hills water-supply. ApjHMided is a preliminary geol(»gical map 
of the Dakotas and a section acrnss South Dakota. Last come the re- 
ports of two six'cial agents, .hidire (iuEOORv and Mr. F. B. Coffin. The 
former writes of tlH» underwaters of the great plains, and the latter of 
certain artesian conditions existing in South Dakota. 

It is noi possibli' within the limits at onr disposal to enter on anything 
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like a careful and detailed account of the contents of this volume. We 
can only dwell on a few ix^ints which will illustrate the nature, meth- 
t>ds, and progress of the plans adopted for irrij^ating th»* arid rejarion of 
the west. Mr. Hinton says (page 19) : 

**In the past seven years the actual area of reclamation by irrigation- 
cultivation has increased from about 5,000,000 to at least 8,500,000 acres. 
By the time of the opening of the Columbian World's Fair, the United 
States may expect the cultivation by means of irrigation of at least 17,- 
<XK),000 acres of land that within the last decade have been declared by 
learned authority to be wholly irreclaimable, worthless for agriculture, 
\isele88 for tree-planting, and hardly fit for even the grazing of scraggy 
«heep and the broad-horned steer." 

**The removal of the alkali from the land is one of the first require-' 
ments. This is to be accomplished by underdrainage wherever the soil 
allows it. To flood the land till underdrains laid reasonable distances 
apart shall have run for some time will end the trouble, not only for the 
time being, but for centuries, provided only that solid beds of the alkali 
salts do not underlie it. Hut this is the rare e.xception." 

In those parts of the arid region which can be irrigated the streams 
flow underground. These subterranean rivers exist in other parts of 
the countf}'. but where water is abundant no eff'ort is made to trace 
them. The Rio Santa Cruz in Arizona is an example of these. In the 
upper part of its course the stream is of varying width and depth, ac- 
cording to the season. Lower down it disappears altogether, but its 
course is marked by mesquite trees to a width of from 500 to 2,000 feet. 
The gravel of the valley has been tested at Tucson to a depth of 52 feet, 
and is estimated to carry 370,000 irrigating inches every twenty-four 
hours (page 75). 

The various devices by which the hidden waiter is brought lo light an* 
explained. Of course when a pump is required, as is often the case, the 
work is expensive. But in those parts where the water is truly artesian, 
or even where it rises to the surface, little or no exi)ense attends jretting 
it except the sinking of the well. 

The report of Col. Xettleton consists of a rapid survey along eleven 
lines across the country on the Platte and the Arkansas rivers and in 
the valley of the Loup, with an examination of tin* existing wells, in 
order to ascertain the probability of getting water by boring. Some 
curious statements are given regarding the so-called blowing wells. 
which in certain states of the weather emit a blast of air and in others 
suck air down the bore. On one of these he tells us that a brass whistle 
has been set which announces a coming storm with a note audible a 
quarter of a mile from the well. 

Col. Nettleton made some attempt to ascertain the rati* of flow <>f the 
underground water, but without success. He is. however, inclined t<» 
accept the figures of the French engineers and set it d<>wn at about on** 
mile in the year or fourteen feet i)er day. 

One of the strongest flows mentioned is in Headle county. South Da- 
kota. At 900 feet water was reached with pressure sutticient to furnish 
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100 horse-power, and in quantity enough to t1<HKl a twoniy-acrt* field six 
inches deep in twenty-fonr hours. Many pajres are occupied with simi- 
lar details, indicatinju: a simply enormous supply of artesian water in 
South Dakota at a dei)th less than 1,000 feet. The w^ater is found in the 
Dakota sandstone, which outcrops alon;; the eastern fianks of the Black 
Hills. The supply therefore enters the stratum alon/ir that i)Utcrop, and 
doubtless also on the western b<»rder of the plains. Analysis shows that 
it is a pt'rmanently hard water, as mi^ht be exf^cted, containing in a 
gallon fourteen grains of sulphate of lime, four grains of carbonatt> of 
lime, and five grains of magnesic carbonate. 

In the third pajx^r. Prof. Hay says that the same Dakota sandstone is 
the water-bearing formation in the Arkansas valley, and that it obtains 
some reinforcement from the underlying .lura^sic strata. Ik>th crop 
f>ul around the Black Hills and in the upjx^r Missouri river region. They 
allow water to pass through them very freely, as is shown by the Giant 
spring described by Lewis and Clark eighty years ago and still flowing 
as in their day, with an ^»stimated yield of one hundred cubic feet a 
second or nearly r>0,0(^K) gallons a minute. 

The great water-bearing stratum of large iK)rtions of the plains is a 
Miocene grit of an exceedingly absorbent nature, underlying extensive 
lacustrine beds of marly silt. At least half of the rainfall, or five inches 
vearlv, is estimated bv Prof. Hav to sink into the ground and tobe held 
chiefiy in this grit, from which it flows forth in coi)ious springs along 
tht* river banks, wherever these have been cut down low enough to ex- 
pose the grit. Water is also found in wells when sunk to its level, at 
the depth of from 50 to .'J(K) feet below the general surface. Pn)f . Hay 
fMunts out that these artesian waters are not derived from the moun- 
tains for the most part, becaiise that source of supply is almost entirely 
cut off by the outcrop of the wat<'r-bearing stratum before it reaches 
the mountains. 

The imfM)rlance of the water problem is f(»rcibly stated by Prof. Hill 
in the fourth part of this volume, where he says: 

"In the western half of the United States the water question is not 
onlv serious but paramount to everv other consideration, for there are 
vast areas, as large as all New Kngland, such as the great Llano Esta- 
cado. without a single brcwiklet, river, or jwrmanent iK)nd ufK>n the sur- 
face: while there are other areas, aggregating one tenth of the Vni(>n, 
which together do not fnissess a stream of the volume of the Connecti- 
cut or Mohawk, and are utterly lacking in the accompaniments of fn- 
(pient laterals and springs. Great railway lines — the Southern Pacific 
for example — are obliged to haul water hundreds of miles for their en- 
gines, and have siM'nt millions in not always judicious exfMTiments to 
obtain an underground supply." 

The Llano Estacado is described as one of the most remarkable geo- 
logical features of the continent, — an area of 50,000 square mile.s, lying 
more than one thousand feet aljove the sea, and surrounded with a pre- 
cipitous rampart which is gashed here and then* by river valleys cut 
i)Ut of the nearly level strata of late Miocene or Pliocene date. No water 
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occurs on its surface, and we note that Prof. Hill takes a rather con- 
servative view and si3<*aks cautiously in re»?ard to the existence of 
artesian conditions j^enerally in the Llano. He says: "That the under- 
^rround water-sheet of the Llano beds can be struck throuj^hout the ex- 
tent of the mesa has been demonstrated. Ihit it is also apparent that 
since this water occurs in a surface formation — the Llano beds — there 
can be no hydrostatic pressure to force a surface flow. Hut there are 
other strata underlying portions of the Llano, beneath the Llano water- 
sheet, and to these we have cause to look with much hoiw* that they 

may present favorable artesian conditions Without 

committing myself to prophecy, it is my opinion that, when the por- 
tion of the Llano along the Texas-New Mexico line is thoroughly pros- 
|x*cted. somewhere in that region will be found an abundant artesian 
supply from the underlying Dakota and Trinity sands." 

In regard to the Trans-Pecos region, in S[)ite of the unpromising as- 
pect of this high plain, Prof. Hill speaks much more confidently of the 
existence of water at a moderate depth, about 20(> feet, which, however, 
does not rise to the surface and therefore is not artesian, except in 
certain districts. Agriculture may therefore be possible to a limited 
»'Xtent there. 

Space forbids following Prof. Hill into the (juestioii of the water- 
supply of the mountains, or Prof. Hicks into that of Nebraska. The 
same may be said of Prof. Culver's work on the Black Hills. There can 
be little doubt that continued investigation and adventure will gradu- 
allv extend the cultivable lands of the west far int^» what was formerlv 
called the (Jreat American Desert, and that many thousand square 
miles will be reclaimed. There will, however, probably always remain 
large areas who.se reclamation would cost more than they could ever 
repay. Farming will press hard on the |>ossibility of subsistence, and 
(K*casionaI series of very dry seasons will from time to time set back the 
surging tide of immigration with their *'Thus far but no farther." 

E. w. c. 

The Colorado Formatitm and itn Inrtrtehrate Fauna. H\ T. W. Stan- 
TON. I'. S. Geol. Survey, Bulletin 10<$: 'liiS pages. 45 plates, \m\. The 
formation here described comprises thu Fort l^enton and Niobrara di- 
visions of the Cretaceous series made known l)y Meek and Hayden in 
the upper Mi.ssouri region. Only some 2.') or itO species of invertebrates 
had been definitely a.ssigned to it previous U\ Mr. Stanton's colh'Clions. 
chierty in 181K). of the fossils of Huerfano park antl adjacent localities in 
.Minthern Colorado. These collections, and their comparison with efjuiv- 
alent beds in other parts of the rnil««d States, bring the toial known 
invertebrate fauna of the Colorado formation up to about loO species, 
including 3$) that are believed to be n«'W. The fauna as a whoh* is 
regarded as the approximate taxonijmic ecpiivalent oi the Turonian in 
EuroiJ<*. >v. V. 

A Lreologu'al HfconnoiMHanct' in central Washinfftofi. By 1. C. Uissflll. 
r. S. (»eol. Survey, Bulletin 108: lOH pages, VI plates. 8 figures in tlu- 
text. 1893. This exploration was undertaken for the pur)H)se of asc»*r- 
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tainin^ whether artesiHii water can be obtalnHI lor irrigation in the arid 
region through which the Columbia river flows east of Uie Cascade 
mountains. The area traversed embraces about 10,000 square miles. U 
is in large part occupied by the great Columbia lava flows, which reach 
thence far southward and eastward, having probably an average depth 
of about 2,000 feet upon fully 200,000 S(|uare miles. Associated with this 
formation is the John Day system of unconsolidated sand, clay, lapilli 
and volcanic dust, which attains a maximum thickness of more than 
1,000 feel. Fossil leaves of ten sin^cies from the .lohn Day strata near 
Kllensburg, Wash., are regarded by Mr. F. H. Knowlton as of Upper 
Miocene age. Seven of these s^M^cies have also been obtained from the 
Auriferous gravels of California. After the deposition of the John Day 
system, the rocks of this area and of a vast region southward were di- 
vided by many fractures, sometimes scores of miles in length, and the 
resulting blocks were tilted, with displacements of 2,000 to 3,000 feel 
along many of the faults. In a few instances the enclosed valleys form 
artesian basins, but mainly the conditions of the geologic structun* are 
found to be unfavorable for obtaining artesian water. w. u. 

The Work and Scope of the Geologieal Surrey. By C. R. Ketes. (Iowa 
(ieol. Survey. Vol. ill, Ann. Rept. for 1893, pp. 47-98, pis. 1-6, 1894.) 
During the short time that the Iowa Geological Surve}- has been in 
oiM>ration, two rei^jrts have been issued,* and the present pai)er is an ex- 
tract from tht! third, which will be distributed shortly. The survey is 
organised on a ))ractical and economic basis, but at the same time it 
is intended to b«» systematic and scientific, — the aim being to make a 
completi' economic and geological survey of the state. The publications 
will be of a single series, uniform in size and general style, and will con- 
tain about 500 pages each. The unit of mapping will be the county; as 
the counti«»s of Iowa are approximately of the same shape and area, the 
adoi>tion of this unit will prove to be very convenient for a series of uni- 
form maps. Among the results already accomplished, it may be stated 
that coal deposits have been investigated in fifty counties, clay indus- 
tries in fifty-six. artesian and deep wells in forty-four; the mapping of 
s<'V«*n couties is practically completed, while in eleven others the map- 
ping is partially done. It is to be hoped that the next legislature will 
see fit to make it jM>ssible for the work, already so well under way, to 
be pushed more rapidly than th»* present appropriation allows. 

u. 8. o. 

.1 Sumimwy of Proyrenn in Mineralogy ami Petrography in 18itS. By W. 
S. Havlev. (leological department. Colby I'niversity, Waterville, Me., 
1894; price, .">() e«'nts. In this pamphlet of about sixty pages are collect- 
ed the various notes which th«' author has publishrd in the AnuTie'an 
yatKrtifijtt (luring ilu' last y»vir. Tliey consist in brief notices, abstracts 
and n'vi«»ws uf work in mineralogy and iM-lrography. An index of 
authors anil oiu* of subj»c'ts furnish rasy n»frreno«' to the work of any 
individual or to iliat on any particular subject. u. s. g. 

* Reviewed iu tho American (tEOLOOlST. vol. xii, p. 337 ; and ▼ol. xlii, p. S53. 
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An Orbit ular Granite from Quoni^chontoyue Beach, Rhode hUmd. liy J. 
F. Kemp. Trans. N. Y. Acad. ScL, vol. 13, pp. 140-144, pi. 2, 1894. The 
normal n)Ck is a biotite pranitf* in which are more basic spheroids two 
or three inches across and of rudely elliptical outline. The center of 
♦'ach spheroid consists almost entirely of plagioclase; toward the rim, 
biotite becomes noticeable and the spheroid is more fin(?ly crystalline; 
further out, the biotite assumes a concentric arrangement. After a very 
decidedly darker zone, the inner part of the spheroid ceases abruptly; 
outside of this is a zone, one-eighth to one-half inch wide, formed of 
plagioclase crystals with their twin lamellje radiating from the inner 
I)ortion. The specimen is from a boulder which the author thinks has 
not been moved far from its parent ledge. u. s. g. 

On Argyrodite and a neie Sul])ho«tan?iate of Silver from Bolirui. By S. 
L. Penfikld. (Amer. Jour. 8ci., *i, vol. 47, pp. 4.>l-4o4, June, 1894.) 
The new mineral is isometric and is almost identical with argyrodite in 
all of its physical projierties; the formula is Agg(Sn(ie) Sg. I^ss than a 
year ago Prof. Penfield described as canfieldite a mineral of the same 
compqftition as argyrodite, but isometric instead of monoclinic. Since 
then the latter has been found to be isometric, so the name canfieldite 
is withdrawn and applied to this new species, — a sulphostannate of sil- 
ver isomorphous with argynKlite. u. s. g. 

The Ejected Blocks of Monte Somma. Hy H. J. Johnstox-I.avis, Pro- 
fessor i)f Vulcanology, University of Naples. (Trans. Edinburgh Ueol. 
Soc, vol. VI, pt. 5, pp. 314-3ol, pis. 13-15, 1893.) This is the first of an 
intended series of pajiers on these ejected blocks, thp minerals of which, 
both for their beauty and variety, have made the region of Vesuvius 
so well known to mineralogists. The present f>aiM'r deals with the alter- 
ations (metamorphism) to which thn blocks of stratified limestone have 
b^^en subjected. There are thre<* stages in the degree of metamorphism: 
(1) carbonized limestone, (2) saccharoidal limestone with i)eridote, and 
(3) limestone nearly or entirely replaced by difi'erent silicates, sulphides, 
and fluorides. Hriefiy summed up, the changes are: first, the carboni- 
zation of the bituminous contents and their conversion into graphite, 
almost coincident with which recrystallization tak«*s place: the recrys- 
tallization seems to have gone on without the rock having bei-n fused, 
as delicate stratification, handing, faulting and contorticm structure is 
pr»ts»Tved: at this stage a few grains of p«*ri(lote ajrjx'ar: with the disap- 
l»»'iirance of the graphite, what remains is a mon* or less coarse-grained^ 
tlazzling white, saccharoidal marble; this saccharoidal marbh*, contain- 
insrmore or l<'ss f>eridote, passes somewhat abrufjtly into a mass of i)eri- 
dote and white pyroxene, wollastonite, or biotite. i'. s. o. 

Trmne nyupptdrkta nrenxko klotfjrnuittr. By Hklok Backstkom. (CJeol- 
ogiska Foreningens i Stockholm ForhandlinL'ar. N<k I^Ck Bd. KK Hiifte 
2. pp. 107-130. Feb., 1894. With a (ierman resume.) Two new spheroid- 
al granites, at present known only in 1<m)s»* blocks, ar»* tlescribed from 
Kortfors and Balungstrand. in central Sweden. The first (Kortfors) 
consistsof dark, well round«'(l. concentrically built spheroids in a sparse 
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ground mass of horiiblemlt' irranitf. Th«» splu*n>ids an» morf* basic than 
th** jrn Kind mass. They contain four zones, the first or outer of which 
is characterized by magnetite grains in a mass of oli>ri»clase: the s«»cond 
has hornblende and biotite in large amount and oligoclase: the third is 
the broadest and consists of radially arran^t^d oli>r<»cIase with small 
amounts of ((uartx and orthoclase: the center is almost free from dark 
minerals and is essentially quartz and orthoclas<». The second tyi)e 
(from Halungstrand) has a coarse «froundmass of microcline and quartz 
and some idiomorphic biotite. The spheroids are characterized by large 
oligoclase crystals: toward the in^riphery biotite is common, and th«* 
center is comixisedof microcline and quartz. Some remarks follow on 
the formation of the spheroids. esiH»cially in reference to the liquation 
theory of ditferentiating magmas. i\ s. o. 

The HiUHHilner iirit Piateau in AV/r York. Hv T. Nelson Dalk. 
(Thirteenth Annual Heixirt. V. S. Geol. Survey, pp. 2t)l-:J40. pis. 97-101. 
1804.) In this pa|H*r the geology of the eastern and central parts of 
Rensselaer county. N. Y.. is discussed. Th«* author's interpretatit»n of 
the general structure of the region is given in a section from Mt. (irey- 
lock in Massacluisetls. on the east, to the Hudson vallev at PiK»st«»nkill 
on the west. Th<* broad limestone (Stockbridge) belt west of Mt. (in-y- 
lock dips westward under the Tacouic range, which here is a synclinal, 
with tW(» anticlinals, comiKised of a thickness of about '^.000 feel of 
lierkshire schists. The limestone again comes to the .surface in the 
Herlin-Stephenson valley, on whose west side it di]KS under a small 
tliicknessof tlie lk»rkshire schists which are overlain bv the Rensselaer 
grits: these extend westward for about ten miles, when the Hudson 
River shales (the e(piivalent of the IJerkshire schists) emerge from be- 
neath them. The Stockbridge limestone is stated to be (.'ambro-Silurian 
in age. and th«* Berkshire schists Lt>wer Silurian (Hudson River). Th«' 
Rens.selaer grit occupies a plat»*au area, about 17.') square miles in extent, 
in central Rensselaer ct)unly. The plateau is comiK>sed of grits with 
interbedd«'d conglomerates and schistose and slaty rocks. In structun* 
it consists of a well marked .synclinal along its fast side, a comiK^und 
synclinal along its w<*sl side, and certainly one and probably several 
folds in the interv«'ninir area. Fossils \o determine the age of the rocks 
of this plateau have not be»»n found, but. on account of th«* areal rela- 
tions of the grit to the Stockbridge limestone and the evidence of an 
unconformity of iH)rtions of the grit mass to Cambrian if not to I-ower 
Silurian rocks, as shown by its pebbli*s. the grit is thought to be uncon- 
formable on the Berkshire schists and is considered to represent the 
Oneida conglomerate — the base of the Tpper Silurian. 

Mr. Dale's paper is of special int«'n*sl in iriving the structure and g*'o- 
graphic distribution of the rocks of the Tacoiiic ran<;e ahmg the Ma.ss- 
achusetts-New York lin»', and in ^rivinir details as to litht)h»gy and 
probabh* age of tiie R»'nss«*hn'r irril riu'ks. However, there are some 
imiM)rtant ixijnts. espj'cially in tin* stratigraphy, which it seems are not 
fulh' establislH'd. or are simph assunu'd from insutlicient evidence: we 
have reference lo I he aire of lheSiu.!kl)riilir»' lim^'sione and the Berkshire 
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schists. It is to be noted that under the term Stockbridjre he has in- 
chided the Stockbrid^e prop«»rand the western belt known as the Sparry 
limestone; that the two limestones are the same is evidently an assumi>- 
lion. Numerous Lower Silurian fossils have been found in the western 
bt»lt, but in the Stockbridge proper we know of none but Lower Cambrian 
fossils. Moreover, it seems rather peculiar that one continuous lime- 
stone should rei)resent all the accumulation in this region from the 
TiOwer Cambrian up to the Hudson River, while not far distant there is 
known to be a great thickness of other fossiliferous rocks between these 
two hori/A)ns. Again, Mr. Dale's idea allows no place for the uncon- 
formity which seems to exist at the base of the Potsdam. It, however, 
must be admitted that his work in the Vermont valley,* in connection 
with that of Dr. J. F^. Wollf,f iM)ints to the Cambro-Silurian age of the 
Stockbridge limestone: still, it seems probable that an explanation diff- 
fering fn)m that of Mr. Dale's can be appli*^d to the relations of the 
Low»«r Cambrian and the T^>wer Silurian limestones in the Rutland 
region. The Silurian age of that part 4)f the Berkshire schists adjoining 
the Stockbridge proper do«_'S not seem to be established by fossils, and it 
is not at all improbable, in fact it seems very i>robable, that at least 
some parts of these schists are of the same age as the gr«*at thickness of 
Cambrian schists and slates not far to the north in Vermont. 

Th«' placing of the Rens.selaer grit at the base of the Upi^r Silurian 
adds another feature of complexity to the original Taconic region. Mr. 
Walcott's map, published in 1888.J: makes all of the area mapped by Mr. 
Dale as Ren.ssela«*r grit Lower Cambrian ((Georgian), and now this grit 
.series is placed in the Cpper Silurian on no «'vidence derived from fos- 
sils, and that. t(H), in a region in whicli the d«*cipherinL' of the structural 
geoh)gy is an extremely ditticult task. N. H. w. 
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Records of the Geological Survey of New South Wales, Vol. 3, Pt. 1, 
1893, contains: On a sand from Bingera, G. W. Card; On the occur- 
rence of Trigonia semiundulata M*Coy, in New South Wales, and its 
significance, R. Etheridge; On the occurrence of basalt-glass (taohylyte) 
at Bulladelah, G. A. Stonier; On palatal remains of Palorchestes azael 
Owen, from the Wellington Caves bone-deposits, W. S. Dun; Minera- 
lotrical and petrological notes, No. L G. W. Card: Note on an aboriginal 
skull from a cave at Bungonia, R. Etheridge; The Australian geolog- 
ical record for the year 1892, with addenda for the year 1891, R. Eth- 
eridge; A locality index to the Reports of the Geological Survey of 

*Ou tho Btmctore and age of the Stockbridge limestoDe in the Vermont valley ; Bui. 
Geol. Soc. Anier.,Tul. ui. pp. 514-518, 18ir2. 

K>n the Liower Cambrian ago of the Stockbridge limestone ; Ibid., vol. ii, pp. :i:U-3SS, 
1891. 

tAmer. Jour. Sci., 3, toI. rtr>. 
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New South Wales, from 1875 to 1892 inolueive, W. S. Dun; On the oc- 
currence of Lepidodendron australe (?) in the Devonian rocks of New 
South Wales, T. W. E. David; On oeleetine from the neighborhood of 
Bourke, G. W. Card. 

Zeitschrift fUr praktische Geologie, Dec, 18d8, contains: Was kann 
das Studium der dynamischen Geoloipe im praktischen Leben ntttzen, 
besonders ift der Berufstb&tigkeit des Bauingenieurs?, F. M. Stappf ; 
Beitrftge zur ErzlagerstAttenkunde dee Harzes, F. Klockmann; Die 
wahrscheinlichen Resultate einer Tiefbohrung in Lemberg (Galizien), 
R. Zuber. 

Descriptions of two new species of Ammonites from the Cretaceous 
rocks of the Queen Charlotte Islands. By J. F. Whiteaves. Reprinted 
from the Canadian Record of Science, Oct., 1898. 

The south-west Mayo and north-west Galway Silurian basin, with 
notes on the old or metamorphosed rocks of West Galway. By G. H. 
Kinahan. Trans. Edinburgh Geol. Society, Vol. 6, pp. 155170. 1892. 

Jahresbericht des Vereins far Erdkunde zu Dresden, XXIII, 1893, 
contains: Ueber AktinitAts-Vergleichungen an verschiedenen Orten 
der Erde, Herman Krone. 

Bulletin de la Soci^t^ des Sciences Naturellesde L^Ouest de la France, 
Tome 3. No. 3, 1893, contains: Sur la presence de 1' azurite dans 
r argile de la Villeau-Vay, pr^3 le Pellerin (Lioirelnf.); Nouveau gise- 
ment de grenat avec staurotide, Ch. Baret; Esquisse geologique de la 
Basse-Normandie, A. Bigot. 

Bibang till Kongl. Svenska Vetenskaps-Akademiens Uandlingar, 
Band 18, Afd. 2, contains: Studier Ofver Baltiska Hafvets Qvartftra 
Historia, Henr. Munthe. Band 18, Afd. 3, contains Vftxtpaleontologiska 
UndereOkoingar af Svenska Torfmossar, Gunnar Andersson. Band 18, 
Afd. 4, contains: Ueber einige Ober-Silurische Cirripeden aus Gotland, 
C. W. S. Auridllus. 

Zur Frap* der Stnictiirfornu.'ln dor mt*lasomatischen Zorst'tzunjrspn)- 
ductf. R. Schariz«'r: Zeitschrift f. Krystallo^raphic, etc.. XXII, 4, pp. 
3«l)-8Tr), 181)3. • 

UebiT den Unterschied zwischen der iM»troj;raphischen imd der geol- 
ojj^iscln*n Classification der (iest»'ine, J. v. Szabo: Verhand. d. (iesells. 
Deulscher Naturf. ii. Aertze. 1891, 5 pajres. 

Verzeichnis der mineralojrischen, jreojrnostischen, iir-(vor-)^eschichl- 
lichen iind balneojrraphischen Literatur von Baden, Wiirt tern berg. Hoh- 
enzollern iind einijren anjirrenzenden Gejrenden, Heinrich Eck; Mitteil- 
iinjren d. j^r()ssh«*rzo^licli badisdien jreol. Landesanstalt, I Krjranzunjr 
znm I Hande, pp. l-30:i, 1893. 

Zeitsdirift fiir praktische (n'oloj^i**. .Ian., 1894. contains: Die jreolo- 
jrische l'nt«*rs\icluinjr des Koniirreiclis Hayern. A. Lepphi: Die jreolo- 
>rische Land«'suntersiichun*r von Klsass-Lothrlnyen, L. van Werveke: 
Aphorism«*n ub«'r Zinnober, A. Scliraiif: Die Kiipffrerzlajrerstjitten der 
S»'rp»'ntiii«:i*st«'ine Toscanas luul den'ii BildnniLr durcli Ditfer»*ntiations- 
processM in hasiscluMi Krnptivmajrnn'n, H. Lolti: Die Hod«*nsenkiin}iren 
in SclineidemOhl. W. Kn-bs: Die Hod«'nse!ikun«ren in Schneidemiihl iind 
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(lie daraus zu ziehonde NuUan wend imp:, K. Wabner; ErdwachsbtTgbau 
bd Hi)ryslaw in (ializicn; Vulcanische Asche aus Puerto Montt, F. M. 
Siapff: Stein- und Brannkohlen in Holland: Schneidemtihl, R. Wabner: 
Schwefolbildun^, C. Ochsenius. 

Zeitschrift ftir praktischo (Jeolo^ie, Feb., 1804, contains: \ieher die 
TTie^a ^ l i iH i Mimi iw— Tf^mm R fttr m , Vif^^ntfts, SuTitelma in Norwe^ren 
und Ramnielsberjcr in IXnitschland (I. Die Mineralogie der Kieslager- 
stfttten vom Typus Ror('>s-Rammelsb<*rg), J. H. L. Vojrt; Das Vorkom- 
men der devonischen Eisen- und Manganerxe in Nassau, W. Riemann: 
Ho<lHn8enkungen in Eisleben, W. Ule: LOslichkeit des Cioldes, F. M. 
fttapff. 

Das Erdbeben in der Gegend zwischen Strassburg, Forbach, Haslack, 
Konzingen, Erstein und Westhofen am 11 .luni, 1887, H. P>k: 19 pa^es: 
Stuttgart, 1892. 

The Crinoidea of Gotland, Part I. — The Crinoidea Inadunata. Hy F. 
A. Rather. Kongl. Svenska Vetenskaps-Akademiens Handlingar, H. 
25, No. 2, pp. 1-200, 10 plates; Stoykholn, 1893. 

Bulletin de laSoci^t^ Imp^riale des Naturalistes de Moscou, 1893, Nos. 
2 and 3 contain: Die tithonischen Ablagerungen von Thecnlosia, Ein 
Beitrag zur Paleontologie der Krim (0 plates), (). Relowski: A la m6- 
moire de feu J. D. Czersky, Al. Iwanowski. 

(ieologiska Foreningens i Stockholn Forhaudlingar. No. 152, Bd. 15, 
Haft. 5, May, 1893, contains: Miueralogiska meddelanden, L. J. Igel- 
strom: Om Litorinatidens klimat och vegetation, R. Sernander: Om 
strandliniens fiirskjutning vid vara insji'mr, G. De (Jeer; Mineralanaly- 
tiskt, (). A. Sjostrom. 

No. 153, Bd. 15, Haft, (i, contains: Om stoftfallet i Sverige och 
angrAnsande Iftnder den 3 maj 1892, A. E. Nordenskiold: Spodiosit fr&n 
Xordmarkeu, G. Nordenskiold: Tillftgg till upp.satKen **om n&gra min- 
eral fr&n grOnland," G. Flink: Mineralogiska meddelanden, — Nya 
mineral frftn SjOgrufvan, L. J. IgelstrOm: Nftgru jemfOrelser mellan 
Sveriges och utlandets jernmalmslager m<*d hftnsyn till d(?ras genesis, 
H. Sjogren: Om en profil fr&n skredet i Vjerdalen, A. Ilamberg. 

No. 154. Bd. 15, Haft. 7, Dec, 1893, contains: Om en fossilifOrande 
lerattagring vid SkattmansO i I'pland, A. (i. Nathorst: Pyrochlor fr&n 
AInOn, P. J. Holmqvi.st: Om en kromhaltig vesuvian frftn Ural, Sofia 
Kudbeck: Om Falu grufvas geologi, A. E. TOrnebohm: Meddelanden 
fran I^unds Cieologiska FftUklubb, 1. — laktlagelser fr&n gemensamma 
excursioner i F&gels&ngstrakten, K. O. Si'gcrberg. 

The (ieological Magazine, Feb., 1894, contains: Coral in the "Doh)- 
mites" of S. Tyro], Miss M. M. Ogilvie: On some .lurassic species of 
Cheilostomata, .1. W. (Jregory: NcHes on the comiM)sition of clays, 
slates, etc.. and on some iH)ints in lh«*ir m»'tamorphism. W. M. Hutcli- 
ings: On a ltK)th of Oxyrhiiia from the Red Crag of Sutfolk. A. S. 
Wo(Klward: An ancient glacial shore. T. M. Reade; Post-(ilacial man 
in Britain, Wm. Shone: Tlie horizon of th«' mammoth, Mark Stirrup: 
Action of glaciers, Wm. Churchill: The submarine crust. O. Fisher. 

The (ieological Magazin*'. March. 1894. contains: Four theories of 
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th«* aj:»* and oritrin of ihf* DartirnK»r >rranii»»s. A. K. Hunt: CVrlain f<w- 
sils fn»in \\\*' low^r Palt'ozoic rocks of Yorksbin*. S. H. Reynolds: Tht» 
ra|M* of tliH chIoril«»s. C A. McMahon: Somf noi«»s on ifni'iss. T. G. 
lionni'v: Notes on ih^ Skiddaw slat«»s. .1. P3. Marr: Rapid elevations, a 
self criticism. E. Hill. 

The Glacialists' Magazine, vol. 1. no. 0. .Ian.. ISJM, contains: l)n the 
glacial sands and travels at Heck stati(»n. Yorkshire. ('. E. IV Ranee: 
The jrreat submerpMice. .1o.seph fiomas: The«»ries of the cause of the 
(flacial perirKl: Current irlacial biblio^rraphy: A typical fj(»rd-valley: 
Prof. A. Krassnow. of C'harkow. on his journey to the island of Sajrha- 
lien: Iceliiudic irlaciers: Pressure (»f the Rhone irlacier. Marshall-Hall. 
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A Rkplv to some Statements in Prokessok Takh's "Lake C'ayioa 
A R<XK Basin."* Uiuh'r the title **I^ake ('ay»>ra a Kock Basin." Prof- 
Ralph S. Tarr. of the jreoloirical department of Cornell l^niversity, pre- 
sented a pap'T befon* the Boston meeting: of th»' (ieol<»srical S)ciety of 
America (December *ili. ISIK'J). which has since been issued in its printed 
form. In this pafH-r he has(piot<*d from an early publication of mine, 
and, by the selection of a few .sentences apart from their context, has 
placed a misconstruction ujMin my work which I am unwilling to let 
pass without correction. 

The Held work uixm which my little article "The Geology of Itasca. 
New York, and the Vicinity."! was based, was that of a collejre under- 
•rraduate, having'* been done durinjr th<' winter and sprinjr terms of 1874- 
75 in the preparation of a thesis for jrraduatitni at Cornell Cniversity. I 
do not offer this as any excuse whatev«»r for the conclusions reached, for 
I am still willinir to be jud^'ed by them, but to emphasize the fact that, 
after twenty \ears of prosrress in the study of «rlacial phenomena, it 
would, indei'd, be surprising: should ditferent iiiteri)retations not be 
placed u{M>n the same daita. That my views, as then expressed, wen> in 
acconi with "the modern sc1hm)1 of glacial jreolo«ry." will. I think, be 
apparent to those who read uiiderslandinjrly what I said u]>on tlie sub- 
ject. 

M\ thesis opened with a jreneral account of the toiN)«rrai)hy of the 
rejrion about Ithaca, inciih-ntally mentitMnnir Cayuira lake, but was 
mainly devoted to the consideration (jf "Special Features on Six Mile 
cri'ek." That it was well thcMitrht of bv the Facuilv is attested bv the 
award of the "President's First Prize in (if()loj:\ ." Later, I was re- 
(piested to select from it a ])ortion of L'eneral interest for presentation to 
the public on Commencement day. and this paper, in substance, was 
sent to the American Naturalist, MpiM'ariniT in the issue of that maarazine 

•Hulletiii of the Geological Society of America, vol. v. pp. :i3y-35G, March, lvS94. 
tTl»i» .American Natoraliet, vol. xi, pp. 49-51, January, 1ST7. 
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for January, 1877, and from it Prof. Tarr has drawn certain conclusions. 
What he has quot4*d and his comments, und<'r the caption, "Reviews of 
Opinions of previous Writers," are as follows: 

"Simonds shows that there are in this rejrion two classes of valleys — 
>rorges, *true valleys of erosion,' and rounded, smoothed valleys. Of the 
latter he says: 

'•'Noting in addition [to their even slope] the depth at which the 
M-ater flows and the small number of cascades and waterfalls, the con- 
clusion is at once reached that these valleys have been acted u|K)n by 
ssome agency not now in operation.' 

"He can easily understand the gorges, but cannot explain the broad 
^alleys by erosion, and therefore concludes that * these deep, well-worn 
^alleys are undoubtedly the work of glacial action.' /According to this 
siuthor the glacier divided near the present site of Ithaca, one lobe mov- 
ing southward, the other carving out Six Mile creek. 

*• This, which seems to be the first statement of the glacial origin of 
Cayuga valley, is based Uf)on the inability of the author to conceive of 
the formation of a broad, deep valley by river erosion and transporta- 
tion. It seems strange that he should not have noticed that this valley 
was but one of a type which exists in that region with directions vary- 
ing through all degrees of the compass, and hence, that all are not 
capable of explanation by glacial erosion."* 

Again, under the caption. "Observations and Inter])r»*tations,*' hi* 
savs: 

" ErifUnce of Six Mile creek. — At th»* head of the lakn, in the city of 
Ithaca, the valley divides — (.)ne part, known as the Inh*t valley, contin- 
ues south westwardly and tlK*n southerly: the other, called Six Mile cre»-k 
vall»*y, extending in a southeastern direction. The latter is evidently a 
tributary to the former, which was the preglacial main valh'v. These 
two vallevs are the ones which Simonds and F<.K)te believe to be du<* to 
ice action. They are both distinctly preglacial in form and are joined 
bv mature tributaries. "f 

What 1 did say uj)on the subject of valleys was as follows: 

'• At Ithaca tljere are two distinct types of river or creek valleys — the 
one with rounded and well-worn sides, the other bordered by precipi- 
tous walls of rock. To the latter class belong C'ascadilla and Fall creeks, 
which flow into the Ithaca plain from the east. Their valleys are true 
valleys of erosion, having been formed since the witlnlrawal of the vast 
ice-sheet which swept over thisi)ortion of North America in Quaternary 
time. With the exception of Six Mile creek valley and that of Cayuga 
Inlet, which open into the lake basin from the southeast and south 
resf>ec lively, all the streams of this immediate vicinity flow through 
deep cuts or cafions, in which they descend by numerous cascades and 
water-falls to the lake. As their valleys are mere chasms, they make 
no appreciable change in the general contour of the land. With val- 
leys of the first type, however, the effect is of an entirely different char- 

•Bnlletin, O. B. A., toI. v, p.3U. 
tBolletiD, G. 8. A., vol. v, p. 3.')0. 



60 The American Geoloyht, Jaly, 18{U 

acter. They are distinctly marked. Their lonj^er slope and greater 
width make a prominent feature in the topojrraphy of Ithaca. Noting 
in addition the depth at which the water flows, and the small number 
of cascades and water-falls, the conclusion is at once reached that these 
valleys had been acted upon by some agency not now in operation. We 
can observe changes going on in Fall and Cascadiila creeks; we can 
easily understand how their deei), rocky caHons could be formed and 
are still being formed by the action of water and frost uix>n shale, and 
we can readily see that the conditions which obtained in the formation 
of these valleys could never explain the deep, well-marked valleys of Six 
Mile creek and the Cayuga Inlet, with their sloping banks and knolls 
and terraces. These deep, well-worn valleys are undoubtedly the result 
of glacial action. The mass of ice which filled the Cayuga lake basin, 
dividing at its southern extremity, one part — the larger — flowed to the 
south, wearing down the Inlet valley, and the other traversed the Six 
Mile creek valley, both of which were occupied by preglacial streams. 
The scratches on the iK)lished surface of the underlying rocky table, as 
seen at the quarry in front of the buildings of the Cornell University, 
on the eastern edge of the banin, indicate that the glacier followed a di- 
rection a little east of south, corresi)onding with that of the lake. 
Among the drift accumulations are found bowlders of Oriskany sand- 
stone, and maH.Hes of Hamilton shale, formations which occur to the 
north, together with small granitic bowlders. The valley of Six Mile 
creek furnishes .somesi)ecial examples of the drift phenomena. In sev- 
eral places its old channel has been completely choked uj) with masses 
of morainic debris about which the present stream has been obliged to 
cut its way through deep cai^ons."* 

In his comments Prof. Tarr says: 

[1.] " He (Simonds) can easily understand the gorges, but cannot ex- 
plain the broad valleys by erosion, and therefore concludes that 'these 
deep, well-worn valleys are undoubtedly the result of glacial action.*" 

As will be s<*en, in the extract from my nrtich' given above, I reached 
my conclusion not only for the reason "that the conditions which ob- 
t}iin(»d in the formation of these valleys [Fall and Cascadilla creeks] 
could never explain the df'ep, w<*ll-marked valleys of Six Mile creek and 
Cayuga Inl^i." but for other reasons. Thus I distinctly stated that 
'*the valley of Six Mih* cnM*k furjiishes some special examples of the 
drift phenom<'na. In several places its old channel has been completely 
clu»ked ui) with massi*s of morainic debris about which the j)resent 
stream has been obligj'd to cut its way through deep canons." Hence 
my conclusion, in this instancf at least, was based upon the actual oc- 
currence of morainic matter, with fjhiriatittn m* the leffitimate inferrnrr. 

As a matter of fact. th»' prescnc*' of a glacit'r cannot be disi)uted: and 
if present, dors Prof. Tarr. for an instant, believe that it could have 
forc«'(l its way through such a valley as that of the preglacial Six Mih» 
cr»*ek, excavated as ii must hav«' Ixmmi In tin* thin-bedded Chemunjr 



*Ainericaii Nataraliat, vol. xi, pp. ."»0-5l. 
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rocks, without jirrvHt abrasion? He says: ••Th<' north and south valley 
of lake Cayuga is several hundred feet below it [the rock bottom of Six- 
Mile creek], and its depth has without doubt been caused by glacial 
erosion."* But what of the evidence furnished by "the scratches on 
th«> |)oiished surface of the underlying rocky table, as seen at the quarry 
[1874-76] in front of the buildingsof Cornell Vw'xwv^Wy," MeteraUtundred 
JeH above the prenent lake surface'i 

Again, that the ice moved in a general southerly direction, up the 
Cayuga valley, into that iiortion of the basin which receives the modi- 
fled valleys t)f Cayuga Inlet and Six Mile creek, is i)lainly indica'ted by 
the prewjnce. among the drift accumulations, •*of bowlders of Oriskany 
sandstone and masses of Hamilton shale, formations which occur to the 
north.'* And, further, 1 have a distinct recollection of collecting in 
my student days, characterutic finndli* of tJiene ftyrmations from fragmmtti 
found in tJie raUty of Six Mile creek. 

[2.] **According to this author (Simonds), the glacier divided near 
the present site of Ithaca, one lobe moving southward, the other carv- 
ing out the valley of Six Mile cn»ek." What I did say, as shown above, 
was this: ** The massof ice which filled the Cayuga lake basin, dividing 
at its stmthern extremity, om* putt — the larger — flowed to the south, 
irearing f//>ir» the Inlet valley, and. the other traversed the Six Mile creek 
valley, Indh of which were occupied by preglaria I utreatntt.*' 

Hy this it will be plainly seen that I meant that the valleys were 
moulded by ice action, not ''carved" in the sense that Prof. Tarr would 
have us understand. My idea was then and is now, that these pregla- 
cial valleys served to guide the ice-sheet as it advanced toward the 
.south, and that by it they were broadened and worn, giving rise to their 
present characteristic and distinctive shaj^es. 

[3.] **This, which seems to be the first statement of the glacial ori- 
gin of Cayuga valley, is bas<»d uimmi the inability of the author [Simonds] 
to conceive of the formation of a broad, deep valley by river erosion 
and transfxirtation.*' Rather, my statement was based u|K)n the i)res- 
ence of striw, not only in the locality mentioned, but in others: u|K)n 
the presence of drift resting directly on a |K>lislH»d and worn surface: 
and uiKm the presence of masses of rock transported [by ice] from the 
north, i. e., brought up the valley. 

[4.] Under ** Evidence of Six Mile creek," we find that "these two 
valleys [Six Mile Creek and Cayuga Inlet] are the ones which Simonds 
and Foote believe to be due to ice acti(»n. Thev are both distinctlv pre- 
glacial and are joined by mature tributaries." Concerning this 1 hav»» 
only to say that I recognized their preglacial character and so expressed 
myself in my article by saying "both of which valleys were ocrupifd by 
pregUtcial ntreaniM/'' In the conclusion of the original thesis occurs the 
following significant statement: " Six Mile creek we have s^en to be a 
preglacial stream whose channi'l has not only been traversed and worn 
out by ice. but in many places filled with morainic <lebris * * *." 

*BalletiQ, 0. 8. A., vol. v, p. 350. 
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After all, it is not surprising that Prof. Tarr should misiindcrstund 
me, for it apiM'ars from his own stat»*in«»nt that, at th«» time Dr. 1). F. 
Lincoln's pa{N*r, "Glaciationof the Finjjrer-Lake flexion of New York,'** 
was publiRhe<l, /le tnm »o Mtronyly ronrinred thnt the valleyH were rivrr ml- 
leyn^ unt/UHfifir/i by ire, that hiM [/jinroht'tt] paper produced n4) imprtjmtyn. 
It was only when the clearness of the evidence impressed itself so forci- 
bly on his mind that he c(Mild be but convinced that he ajirain looked at 
his [Lincoln's] pa|>(*r. and found that he had the same kind of pniof. 
Therefore, althoujrh inde|H'ndently worked out. the facts in this article 
[Tarr'5 **AaX-." (^nyuqa a Hfk ^/m/><"] are merely c<»nfirmations of Dr. 
Lincoln's studv and deduct ions. f Frkdkrk' W. Simonds. 

Unirernity of Tertn. Aunt in, April U, lSlf4. 

TlIK XiACJAKA <K)K(iK AS A MEAsrUE OK THE PosTOI.AClAL PERIOD. 

In Nature for May 17th (vol. .')(), p. 51^) Mr. U. K. (filbert expresses his 
doubt that the past rate of erosion of the >?<>»*>?•' below the n'Cedinjr falls 
of Niajrara can be so comf)ared with the pre.sent rale as to a!f«)r<l any 
appntximate measure of the time which has »'lai)sed since the Ice a>re. 
His first study of this «|uestion (Proc. A. A. A. S., vol. xxxv. for 1880. 
pp. 222. 22*{) irave about T.(KX» years for th«' erosion of the Nia^rara ^orjre, 
if it had proceed<*d with anavera^re rale like the pres<*nt. As this erosion 
bejran at the time of retreat of the ice-sheet from that area and has 
b<'en in i)rojrress during; all the subse<|uent time, it has been regarded as 
a ^<'«)loi:ic chronometer, like tin* similar erosion of the jrorjre below the 
falls of St. Anthony, from which Prof. N. H. Winchell had previously 
computed the h'ujrth of the Post«rlacial fwriod in Minnesota to b<* about 
7,8(H) vears. 

The largest elem^-nt of uncertainty (as hitherto sup|M)sed) in the esti- 
mate drawn from the rate of recession of Niajrara falls is shown by Mr. 
(jlilbert's later and more full discussion (Sixth Annual KefK)rt <»f the 
Commissioners of the State Keservalion at Niagara, for the year 1889, 
pp. (H-84, with eijrht plates, also in the Smithsonian Annual KoiK>rt for 
181K)) to consist in the probability or i)ossibility that for some consider- 
able time, next followin;: the melting away <»f th(» ice uiK)n the area 
cro.s.sed by the Niajrara rivep, the outlet of lak<*s Su|K*rior, Michigan and 
Huron, miiy have passed to tin* St. Lawrence by a more northern course, 
flowinjr across th«* present watershed east of lake Nipi.ssin;^ to the Mal- 
tawa and Ottawa rivers. Since Mr. (iilbert's writinjr his recent com- 
munication to Nature, howevi'r, much new lij^ht on the Quaternary 
history of the j;reat lakes tributary to the St. Lawrence river has been 
contributed in thre** pa|M'rs by Mr. F. H. Taylor, published in the Bul- 
letin of the Cieoloirical Society of America (vol. v, pp. 020-626, April 30, 
18111),| an<l in th«* May and .June numbers of the American Okologist. 
Sui)plementin»^ the earlier observations and studies of Whittlesey, New- 
berry, Gilbert. Spencer. Laws(»ii. Chamberlin, Lev«'relt, Claypole, 

* Am. J oar. of Science, HI. vol. xliv, pp. 29iU%l, Oct. 1892. A later i>aperonthi» 
sabject by Dr. Lincoln is in vol. xltii, pp. 105-li:i, Feb., 1894. 

fBuUetin G. 8. A., vol. v, p. 348, foot-note. 

tAbetract in the March Am. Gkologist, p. 220. 
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Wright, Baldwin, the present writer, aiitl others, these latest explora- 
tions and discussions by Mr. Taylor enable us to forma very definite 
and closely connected historical statement of the relationship of the ice- 
dammed lakes which preceded the present Laurentian lakes, and of their 
dependence on the gradual departure of the ice-sheet and on the accom- 
panying gradual uplift of that region. 

Before pointing out the bearing of Mr. Taylor's work on the history of 
the glacial retreat and the volume of the Niagara river, we must note 
that the view held by Taylor and SjxMicer, that the high shore 
lines around the great Laurentian lakes are of marine formation, is in- 
consistent with the total absence of marine fossiliferous beds overlying 
the glacial drift throughout the basins of these lakes. So far as the sea 
did extend, after the further recession of the ice-sheet permitted it to 
come into the St. Lawrence and Ottawa vallevs and into the basin of 
lake Champlain, such marine fossils abound: but none are found alK)ve 
the Thousand Islands, which lie in the St. Lawrence at the mouth of 
lake Ontario. We may therefore confidently accept the Niagara gorge 
as a measure of all the time since that area was uncovered from th«» ice- 
sheet. The shore lines described by Taylor, SjM'ncer, and others, will 
here accordingly be interpreted as records of the glacial lake Warren 
and of earlier and later ice-bound lakes.* 

Stated as concisely as ixissible, the highest shore at Duluth, \,]\\4 feet 
above the sea, at Kimball, 1,170 feet, and at Marquette, 1,11K) feet, seems 
ri^ferable to the Western Sui>erior glacial lake outflowing by the liois 
Brul6-St. Croix channel. To the lower lake AVarren, out Mowing at Chi- 
cago, with which the Western Sujxirior lake became merged, we may 
r««fer the highest shores recorded by Taylor about th»* north part of 
Green bay, about (KX) feet above the sea, at Cook's Mill, north of this 
bay, 750 feet, at H()ught<)n, 1,010 feet, at Sault Ste. Marie, 1,014 f(»et, and 
III lake Nipissing, 1,140 feet. With lake Warren of this exti'nt, the ice- 
sheet had melted o(T from all the northern United States west (»f lake 
Xipissing and of Buffalo, N. Y., but yet, to hold this glacial lake on the 
»»a8t, it remained unmelted uinm all the Niagara and lake Ontario or 
Iroquois area. Thus we see that all the moraines within th«^ limits of 
the Unit^'d States west of the great angle of th(» drift boundary nvar 
Salamanca, in southwestern New York,f are somewhat older than the 
moraines east of that angle, in New York, Pennsylvania, New .)«Tsey, 
liOng Island, and New P^ngland. This difference in age, how«'vi'r, be- 
tween the western and eastern moraines and drift was iHThaps no more 
than 500 t<i 1,000 years, as we may infer from the rate of retreatof the 
]K>rtion of the ice-front forming the northiTU barrier of the glacial lake 
Agassiz. 

This unexpt»cled view of th«' order of going of the ice-sh<'et finds me- 

'Previoas discoBsions of tlieso (glacial lakcet by the present writer, with citation b of 
tbtir literaturp, are in Uie Bulletin of tlie C4eoloKical Bociety of Amorioa, toI. ii, 1890, 
pp. 2S&-26&; Tol.iu, 1891, pp. 4H4-487, and 508.511. 

tConsalt Prof. Chamberlin's maps of the Klaciate<] arena of the United States* 
0. S. Geol. Surrey, Third Ann. Rep., Plates xxviii and xxxiii; Bovcnth Ann. Kep., 
Plata vui. 
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t('uro]()|i^ical cxplHiiution hs follows: The melting of the vast westerD 
part of the ice-sheet in the I'nited States, from North Dakota and tfin- 
nesota east to th(> lake Krio basin, would supply to our eaatwardly 
moving storms a very jjreat amonnt of moiRturo to be precipiliited 
farth«'r <*ast. That precipitation I think to have b<^n vutittJy snow at 
these storms. moisture-la<h>n from the western ice-melting, swept over 
the more eastern part of tin' ice-sheet. Hence, the eastern great ice- 
lobe from Salamanca to I^>n;; Island, ('a|M' (VmI. and the Gulf of Maine, 
would be fed and fatteiHMl to lx> thick and spread in some places «veii 
b<'yond its previous limits, while all <»f the ice-sheet farther west in the 
FniteA States was beinj^ melted jiway. 

Another unfor«'s<*en conclusion, relative to tlie volume of the Niagara 
river while the ice-sheet was departing, is brought by our consideration 
of the uplift of the northern side of the glacial lake Warren, which 
along its e\t4>nt of (iCK) mih's from west to east was rapidly raised in 
general about .'{50 feet, as compared with the Chicago outlet, before the 
date of the Nipissing beach. This I think to be the first shore line 
formed in that northern ar(>a after the Chicago outlet ceased and after 
lake Warren was thereby succeeded by lake Algonquin in the basins of 
Michigan. Huron and Superior, while lake Irotpiois then b<^gan to exist 
in the Ontario basin, outflowing by Rome, N. Y., to the Mohawk and 
Hudson. Hut this Nipissing beach, at the present lake level at Duluth, 
"X!i feet above lake Su|M'rior at Houghton and MarquetU*, and 50 feet at 
the Sault Ste. Marie, rising to 140 feet above lake Su|)erior or 743 feet 
above th<» sea at lake Nipissing, is so high, ."H) feet uiKin a width of more 
than a mile, above the wat(>rshed east of that lake leading to the Mat- 
tawa and Ottawa rivers, that I cannot believe a river of such depth and 
width U) have there outflowed. Instead. I believe that the ice-shect then 
still remained as a barrier u|)on the Mattawa and Ottawa areas: and 
careful study of Prof. .1. W. SfK^icer's maps in recent volumes of the 
Am. Jour, of Scienci' (l>«*c., IHiK): .Ian. and March, 1801: March, 18W; 
also Bulletin, (i. S. A., vol. ii, pp. 4(W>-47(J, April, 1801) of the Huron and 
P>ic shore lines convinces me that the outflow of lake Algonquin at the 
time of the Nipissing beach went by way of the pre.<)ent St. Olair and 
I)<'troit rivers and along the bed of lake Erie to the incipient Niagara 
and lake Innjuois. Seven-eighths of all the uplifting of the "Nipissing 
area which carried its watershed above the hight at which it could bt» 
an outlet of lake Algonquin had taken ])lace before the Niagara river 
and lake InKpiois began to exist. Later, while yet the ice was a barrier 
on the Mattawa area, 1 b(;li<>ve that the c<mtinuation of that uplift fully 
raised the Xipissing-Mattawa divide above lake Algonquin, for mean- 
while the lake Inxpiois area was und»'rgoing a large differential uplift 
of increasing amount from south to n<»rth. Th(? Niagara river thus ap- 
jM'ars to have had a volume ecpial to the j)resent during its entire his- 
tory. Iftln'pewas any time of diversion of the waters of the upticr 
l^aurentian lakes to the Mattawa vallev, it was of verv brief duratif>n, 
and would recpiire only an insignificant addition to the estimate of 7,0(X) 
years for the duration of llie Niagara river and of the Postglacial period. 
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In a recent paper in the Journal of Geology (vol. n, p. 142, Feb.- 
March, \Sf^\), Mr. Andrew M. Hansen, of Norway, notes the api)roxi- 
mate concurrence of about thirty independent measurements and esti- 
mates of the length of the Postglacial i)eriod which have been made in 
North America and in Europe, all coming within the limits of 5,000 
and 12,000 years. He therefore says: **With full regard to a legitimate 
calculation of probabilities, it may be predicated that the number of 
7,000 to 10,000 years is as nearly an exact estimate «f the duration of 
postglacial time as can ever be expected.** Warren Upham. 

Jufi€ nth, 1894. 

P. S. Since the foregoing was written, I learn, by a letter of Juno 
18lh from Mr. Gilbert, that a narrower part (probably the original col) 
of the valley' leading from lake Nipissing to the Ottawa is situated 
about ten miles east of the present water divide, where the Mattawa 
river, outflowing from Trout lake, is enclosed, near the mouth of that 
lake, by rocky hills. Mr. Gilbert also calls attention to the great depth 
of the Niagara river (having a maximum sounding of 185 feet) at the 
foot of the falls and for nearly two miles to the head of the WhirliKwl 
rapids. The deep excavation there below the river level, analogous to 
pot-hole erosion, he attributes to a probably larger volume of the river 
than that which previously formed the shallower and longer iM>rtion of 
the gorge, excepting only at the Whirlp(K»l, where the postglacial gorge 
coincides with one of preglacial age. C/oncerning the preglacial erosion 
along the course of the Niagara, Dr. Julius Pohlman has writt<*n in the 
Proc. A. A. A. S.. vol. xxxv, for 1880, pp. 221, 222. The greater thick- 
ness of the Niagara limestone at and near the falls than along the part 
of the gorge beyond the WhirljMH)l may probably account chiefly for the 
deeper excavation by the cataract now than during the early part of its 
recession. w. u. 

JUTU ^iMf, 1S94, 
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The Geological Society of America will hold its sixth 
summer meeting in Brooklyn, N. Y., Aug. 13-15; and the 
American Association for the Advancement of Science will 
hold its forty-third meeting in the same cit}', Aug. 15-24. 
Several excursions for geologists are planned, aifording oppor- 
tunities to study the Palisades of the Hudson, the Cretaceous 
strata of New Jersey and of Staten and Long islands, and the 
terminal moraine of the ice-sheet. 

At a meeting of the Geological Society of Fkanck, May 
7th, 1894, M. Cayeux presented a preliminary note on the radi- 
olarians of the Pre-Cambrian of Hretagne. He finds that they 
belong to the divisions Spumellaria and Nassellaria, the latter 
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<M?<'Upyinjj; the highest place in the elasisificatinn of the radio- 
lariaiis. This fauna is eharacterizeil by a eomplexitj and a 
|RTfeftion whirh implies the pre-existence of several other 
radiolarian faunas «»f a lowi-r tyjM*. Certjiin of these Pre- 
< 'anihrian grnera persist t«» the present time. A more complete 
aeeouut of these Very ancient f<»s«iils will appear in the 
"Notes et M«'*nioires" nf the S«M'ietv. 

TonM;uAPniCAL SiKVKi nF Minsem»ta. Under the provision 
of the state law fur a Geological and Natural History Survey, 
active work has just l>een inaugurated f<»r the construction of 
a finished topographical sheet of the region of the state Uni- 
versity, including St. Paul and Minneaixdis. For this purpose, 
and the establishment of the necessary tertiary i>oints for 
plane-tahle draughting, assistant W. ( *. H«>dgkin8, of the U. 
S. Coast Survi'V, has been detailed to carry on the triangula- 
tion. Recent action of the regents in appropriating the 
n<'<'essary funds has rendered this possible. For seven years 
this connection between the State Survey and(*oa$t Survey has 
been sustained, but hitherto the expense has In^en incurred in 
primary and secondary triangulation. The work is in charge 
of Prt)f. W. K. Hoag, of the State University. 

Thk Wimoxsix Acadkmy t»F SciKsi'Ks. Akts. axd Letters, 
held a field-meeting at Beloit, June 7-l>, 1S94. The fcdlowing 
geological papers were read: 

Th* .Xit'-i'it* h't InriiMomn. T. ( '. ClIAMIlKKI.IN. 

Ihithnjff ttftfn ('fnit/ii''nt iJthnnf. li. J. « i. L. CoM.IK. 

SttttM /#/< ltik;'l't,uitf,tituM I'ntJtjtiuftn/ifnt'ftM Whitttfld. (*IIAKLGS .1. 
OToXNilK. 

On thi ittfnujniphh-iil rfninn'ttr ttf innin jfnt nsfnU'Jt jYtuii tht L*nter Quin- 
n^Mtt' fiilljt. W'ix. A. T. Lix«oi.x. 

On tht (ftiiit'tz kt rtit'tplnirt nfth* uitrthtrn rautft »/ IhintinHt hhtfftt. Sam- 
iKi. Wkiumanx. 

Anr(*nt \nlr4nuHM ,tf tht )'//^»*^«^#/,/ PitrL rttJOtti. .1.1*. loniNflS. 
• (f//t Qmittrn'irif tftpnxifjt in th* littrk Hri r ittlUy. li{.\ M. lU'ELL. 

77// ihUnnftht Wyft-nn^in. ('. K. Van JIisk. 

//•/ riunpiirtK nf thi Minh'in>n ftihtM, ('. K. Van Hisk. 

K<»YAL Society of Caxada. Following are the titles and 
.^iynopses r»f the geological papers of the late meeting, as given 
in the announcement program. The meeting was held at Ot- 
tawa, Mav 21-2'), 

Sifiiojfsis 0/ tin: knotrn S/Hr/ts '>/* f.ottff Aainnth of the Pttfa'O- 
Zffic pfi'iftff ill (iDiftfffi, SiK J. AV. Dawson. 

TIh' in!r«Hliiriion to th»* paiM-r mntaiiis s<iin»* ir»MHTaI remarks on Pal- 
.•iNiznic land animals and tln' <iii«*sti«>ns ndjitini: li> lln'in, with the cir- 
(•iinislanf«'> nf tli»-ir <liscnvt'rv in Canada. This isjullowed bv a cla.Hsifiecl 
lisi of th»* siH'ci«"s. Willi th»*ir d«'S('rih«'rs. disrov»*r«Ts. locaiitios, g<H.)!i>jfi- 
cal hnriznn>. and ili«' pubiiraliun*; in wliich tln'v havi- bi'^n described. 
Ti»»" pajuT also (Nuitain*; sui:i;«-Nii«nis as In ihr mllrctintr of specimens. 
(f/i the f.'ffissijfrfition Hint Sif.sti mnfir Position of' the rock for- 
iiifttifins iifujiit (^iif ttrc riti/^ irith spvcidf rvfei'viice to the 
(^Hitur f/roHp a/ifJ its Fossits. H. M. Ami. 

'JMi»- i»a|M'r d«*als chifllv Avith iliat fxlf nsi\i« and int«*restin,i? series of 
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black bituminous graptolitic shales, etc., of the St. Lawrence and Hud- 
son river valleys whose position in the scale of the geolof^ical formations 
of North America has remained so long an unsettled problem. The ge- 
ographical distribution of this formation throughout Canada and certain 
adjoining districts of the United States, its fauna and faunal relations, 
together with the bearing of the facts obtained to date in sup|xirt of the 
validity of Sir William Logan*s **Quebec gwiup," are also discussed. 
An attempt is made to give this formation a resting-place in the lower 
})ortion of the Ordovician of America. 

The Potsdam and Calcif er on s formations in Quebec and east- 
ern Ontario, R. W. Ells. 

The pap«*r describes the physical characters of the.se formations as 
originally understo(xl, and their distribution in Ontario and Quebec. It 
indicates the intimate relation between the two, both from the strati- 
graphical andpal»ontoIogical standpoints, and discusses the relation of 
the Podsdam sandstone to the underlying Cambrian and the propriety 
of a.ssigning this formation to the base of the Cambro-Silurian (Ordovi- 
cian) system, rather than to the Cambrian. 
Onjofiic Remains of the Little River (jroup. G. F. Matthew. 

The first part is a brief review of the flora of this group as described 
by Sir Wm. Dawson. The flora as an entity is compared with the sev- 
eral floras ranging from the Upfwr Silurian to the C'oal Measures that 
have been found in the Middle States and northeastern America. Sir 
Wm. Dawson's genera are used for this purpose. The genera based on 
fi)ssil woods, chiefly from the middle division of the D(>vonian rocks, are 
not considered, as they were investigated with the microscope. Of the 
thirty-three genera of the Little Uiver group, nine are found in the 
I^»wer Carboniferous, and an equal number in the Upper and Middle 
l>evonian, respectively. On the other hand, the very remarkable fact is 
brought in view that there are no less than twenty genera of the Coal 
Measure.s. Yet it is quite certain that there was no direct or near con- 
nection between the flora of the Little Uiver group and that of the C-oal 
Measures, as will be seen from the data given in the former article on 
this group. The explanation of the large number of genera common to 
the two formations i)robably is that the Little River time and group an- 
ticipated the climate and soil of the Coal Mt^asures in a way that did not 
hapix>n in northeastern America in any of the times referred to earlier 
than the Coal Measures, so far as we know. The myriajK>ds of the Tiit- 
tle River group number six and are of five different genera. The most 
abundant fauna of a similar kind is that of the lower Coal Measures of 
Mazcm creek, Illinois. S<»veral of the genera found then^ occur in the 
plant bed of the Little River group. The most remarkable are those of 
the genus Euphoberia. 

The Fossil Cockroaches of North America, S. H. Scudder. 
Progress of Geological Investigation In southwestern Nova 
Scotia, L. W. Bailey. 

The only existing publications referring to the geology of southwest- 
ern Nova Scotia are the Arcadian Geology of Sir William Dawson and a 
report ufxm the gold fields of the province by Dr. A. U. C. Selwyn. 1871. 
In each of these cases th<^ obst?rvations recorded were based upon cur- 
sory examinations only, and were for the most i)art confined to the sea- 
board. During the last three or four years a much more systc^matic «»x- 
ploratlon of the region has been effected, under the auspices of the 
geological survey, and the purrK>se of the present papt^r is to give a 
summary of the results attained. The pajHT is accompanied by a sketch 
map showing the latest results in the delimitation of the formations 
represented. 
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fwlttrittf Kcfflv hitivs hi Cuninlii, R(»KKKT HeLL. 

(ii'iKTal <l»*scri|»ii<»ii uf thfsi* hi»l»'s. Th»'ir iNisitiuiis with reference to 
the phvsiral ffatiiri's of tin* virinitv. I^N'Hlilirs of ki*t tie holes in GuH 
ada : I^ak** Supcrinr: Nnrih ('haiiin'l nf lake KIunMi: MHiiitoulin islaod; 
iiortlKMtKt shiin* i»f (n-oru'iaii l»a\ : Spanish. Wahiit>]iiti hiicI Severn rivm; 
thf Ottawa vallf.v. Similar kittlt-liolrs in CaliforniH, Michi|nkn, No^ 
wax, S\vim1«'M, and Finland. Omirn'ni'i* at ninny differeut elevattom. 
(ircal si/.(* and tl«-pt]i or somt- fvampirs. Thfir iK.*ciirreiice in grouDt 
and sin^dv. T))<'orii>s as tn the :;i'iH*ral manner of their formation. Si* 
planalions of the hknIc of I'xeavalion. HK'i*rp'n's and Renaeb*B vieVL 
Simc cotistant fcatun's as to their local siirroiindinpi. Condittat 
which would aircei the in* of th«* jrlariers at th»*s(* Ii>CHlitie8. Om> 
sidi'd riTi'SM's in the farr of stt-cp rocks. Mnicrinls fliling' the holf*. 
(jeolo^ical data of thfir formation. Topidar fallacies iir to glncial kp^ 
tit'-holes. Illustrated hv photoirraphs. drawings and sketches. 
On (Jtf orrifrrvHi'e nf a fartfr ftrrtt uf XephdiHV Syenite in the 
fnirnshipif nf 7>nii(jfinnftii nuil Fnrnthni^ eattfern Ontario, 
Fhaxk J). Adams. 

I)escripiion of the peiro«rraphical character or rniMh* of <iccurrence of 
a iarire area of this rock discovered last summer in the Laiirentian ci 
eastern Ontario. The mass extends for a distance of over w»ven milM 
in an east and w(>sl direction niui is in places exceedingly coarse in 
^rain. neplirline individuals '3A feet in diameter having been olMer\'ed. 
Verx lar«je masses i»f sodal it •• have also been obtained. The rocis pre- 
sents many striking' |N>cuIiarilies of cf»m]M)sition. The pa]K*r concludei 
with a reference to the few other localities in the woHd where tliisroek 
is known to <)ccur. 

(Ph Xvfthtliitv Sothtli'fr an ft Orthorlasv fiunn thv Xepheline Sg- 
tiii'tv of DiiHijnitmni^ llnstnHjs rov/tfi/^ Ontario, B. J. 

IlAHKlNfiTON. 

This papi-r presi'iiis ilie results «)f a chemical examinatiimof the neph- 
eline and siNlalite. as well as of a secondarv orthoclus** from the rock 
descrihi'd in tin- last pap«'r. 

On stnin' ip/ the ('rt'farrutis Fitssi/s roUvrtvii hif Dr. (fiotr Sir) 
Jinnrs llvrtt}i\ ilnrhiij Cfip/aifi l^nUhvrs JCtplorations in 
liritish Xnt'th Anivi'irn, hi JS'tT-fiff. J. F. WlUTEAVES. 

Thesi" fossils, which were kindix lent to ihe writer by the (Geological 
Societv of !.<indoii. are parllv from the Ni»rthwest Territories and 
parllx from VancouviT Islaml. Th«'y wep' rejMjrled u|Nm provisionally 
by Mr. Ktherid^^i' in |S<il and l.S<»:(. hut the subsetpient publication by 
Mr. Meek of his "KeiMMt oil the Cretaceous and Ti'rliary I'\»ssils of the 
rp]H-r Missouri Country." ami of an illustrated ]m|N>r on the fossils uf 
the ( 'relaceiius rficks of VaiM'ouviT and tlu- Sucia Islands, bus enabled 
them to he determined with much more accuracx now tlian was ijoasi- 
l>le then. rnt'oriunatf]\ , some nf ihe f(»ssils collected by Sir James 
Hector cannot now he found. 

\nft's nil siniif Fttssifs I'l'tmi the X ininiiiin f'nrmution of T'n*- 
cninvr^ litn'iitnj^ ttmf Ihniinni i.shimfs. J. F. AVhITRAVKS. 

The s|>ecimenN ri'TiMTi-d tn ill iliis paper an- ilu* profKTty of the Pro- 
\iiicial Museum ai \ictnrja, l>. <*., an<l were obli^in^ty b-nt by its 
j'urator. Mr. .lohn Fanuiii. .Manv of them were collecteil (luite reci'ntiv 
h,\ Mr. Waller HarM'>. of Comav. They include a (irifp/nni not prevl- 
oiisix noticed ill ihrsi* rock^, reuiarkahlx tine and iM'rfecl examples of 
/.f/fnrtniM jitAisii Sharp!', and oilier inieresiiiiL' ammonitoid forms. thn*e 
of wliich are prohahlx iirw: alsoihrei* w\\ species of deca|KKl oriiata- 
••••a. Two of ihrsf erustac»'a are crahs, and the other a lon^-tailed lob- 
ster-like sprelrs. apparently r«*ferah|e to tlie j;enus /W#*r«/#'j*. 
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THE MADISON TYPE OF DRUMLINS.* 

By Wabrsn Uphau, Bomerville, Maes. 
(PlatkIII.) 

CONTEXTS. 

Page 
Dmmlina encloeing nncleal bods of sand and gravel, bat mainly com- 
posed of till, in Winthrop and Scitoate, Mass 69 

Similar dmmlins, with more nncleal stratified sand, in Madison, Wis. ..73 

Altitudes in Madison and its vicinity 74 

Subglacial deposition of the nncleal beds 78 

Accnmulation of the overlying till 80 

Drumlins enclosing nucleal beds of sand and uuavel, but 

MAINLY composed OF TILL, IN V\^INTHR0P AND SciTl'ATE, 

Mass. 

The earliest publications knowti to nie of observations of 
drumlins structurally resembling those which form the sub- 
ject of this paper are by Mr. W. W. Dodge, of Cambridge, 
Mass.,f and by the present writer, J describing the oval hills 
of till called Great Head in Winthrop and Third and Fourth 
('lift's in Scituate, Mass., each of which is nearly half washed 
away by the sea. Great Head, having only a slight thickness 
of basal and nucleal stratified beds, is one extreme of a series. 
Its middle term is represented by the Third and Fourth 
Cliffs. Its most full and complete expression is found in the 
Capitol, University, and Observatory hills in Madison, Wis- 
consin, consisting chiefly of a nucleal mass of sand and gravel 
with a veneer of till, which I had opportunity to examine 

*A paper present«3d before the (ieoloj^ical Socielv of America jil the 
Boston meelini^, Dec. 29, 1803. 

fAm. Jour, of Science, third seiii's, vol. xxxvr, p. 50. .Inly. 1888. 

{Proceedings, Boston Society of Natural History, vol. xxiv, pp. 127- 
132, Dec. 19, 1888; and same vol, i^p. 228-242, April* 17, 1889. 
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during attendance at the last summer meeting of this society. 
We may best understand the structure and origin of this 
peculiar class or type of drumlins, here named the Madison 
type from the city where it is so finely' displayed, by noticing 
in the foregoing order its several gradations of development. 

(ireat Head, five miles northeast of B(»ston, is an excellent 
example of the many drumlins which form the islands of 
Boston harbor and abound in all the surrounding cities and 
towns to a distance of five to ten miles or more from tiie state 
house. Other examples are Beacon hill in Boston ; Bunker 
hill in Charlestown; Prospect and Winter hills in Somerville: 
the Observator}^ hill in Cambridge; Corey hill in Brookline; 
Chestnut and Institute hills in Newton; Bellevue hill in West 
Roxbury; Mt. Bowdoin in Dorchester; the Wollaston Ilights, 
Forbes, and President's hills, in Quincy ; Great hill in Wey- 
mouth ; Baker's and Prospect hills in Hingham ; all the hills 
of the Nantasket peninsula ; Scituate hill inCohasset; and 
First, Second, Third, and Fourth Cliffs, in Scituate. 

These drumlins, which were formerly known by Prof. C. H. 
Hitchcock's designation as lenticular hills of till or unmodi- 
fied glacial drift, attain bights varying from 30 to 200 feet 
above their bases. Their crests in this district of Boston and 
its neighborhood adjoining Massachusetts bay are at all alti- 
tudes from very near the sea level up to 350 feet above it. 
The}' have in most cases very smoothl}'^ oval, gracefully mould- 
ed outlines, with steep slopes on each side, more gentle ascent 
at each end, and a beautifully rounded top. In area they 
range, in proporticni to their bights, from a length of a few 
hundred feet to about a mile, with usuall}' half or two-thirds 
as great width. Their longer axes here trend southeasterly 
and vary in direction from south-southeast to east-southeast, 
taking the courses of the latest currents of the ice-sheet up- 
on this area. Though drumlins are distributed in profusion 
on this part of our coast, they are also found in equal abund- 
ance upon large inland tracts of Massachuseetts and south- 
ern New Hampshire, to bights of 1,500 feet above the sea in 
the vicinity of Monadnock mountain, on the watershed be- 
tween the Merrimack and Connecticut rivers. Their numbers 
mapped by me in New Hampshire, under the direction of 
Professor Hitchcock for the Geological Survey of that state, 
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are nearly 700; and Mr. George H. Barton, mapping tliem in 
Massachusetts, under the direction of Prof. N. S. Shaler, for 
the Unit<.»d States Geological Survey, finds about 1,500 drum- 
lins, counting, as in New Hampshire, tiie separate rounded 
summits of compound drumlin aggregations, where two or 
three of these hills, and sometimes more, are merged together 
at their bases. 

Nearly all of the many sections (»f drumlins shown in the 
vicinity of Bf»ston by artificial excavations, and more exten- 
sively by the high cliffs where these hills are being worn away 
and freshly undermined by the sea, reveal onl}' till, very com- 
pact and containing frequent or plentiful boulders up to five 
feet or rarely ten feet in diameter, which, like the smaller 
embedded stones and pebbles, usuall}' have glaciated forms 
and often preserve distinct glacial striie. This deposit is the 
direct product of the ice-sheet. Any traces of assortment or 
stratification by water are exceedingly rare. Instead, the till 
derived from glacial transportation and deposition is seen in 
numerous sections to extend quite from the base of these hills, 
or from the sea level, upward through their central part to 
their crests. The compactness of the till, its abundant gla- 
ciated stones, the peculiar lamination of its claye}^ matrix, 
due to the gradual surface accretion, and other characteristic 
features, clearly demonstrate it to be an accumulation formed 
beneath the weight of the (»verriding ice-sheet, whose current 
moulded the growing drumlins in their smooth oval forms, 
having their longer axes |)arallel with the latest movement of 
the ice over them. Only a small amount of finally englacial 
drift, apparently averaging no more than Hvom one to three 
feet in the neighborhood of Boston, was dropped on these 
hills from the ice-sheet when its waning border retreated past 
them. 

After studying the drumlins of Nei\' Hampshire and eastern 
Massachusetts more than ten years, 1 first learned of the ob- 
servation of an instance with a nudeal stratified deposit by 
Air. Dodge's description of the sea-cliff section of Great Head, 
M'hich rises by a steep newly undermined slope, and near the 
top vertically, to a hight of 100 feet above the ocean. This 
Section consists of ordinary till, weathered 3a*llowish above 
but dark bluish below, from its t^>p to within 20 or 15 feet 
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abdvo mean tide, whcrt; its base, mori? fully exposed several 
jears ago during the conBtrnctinn of a railroad than ut the 
present time, WHS observed by Mr. Dodge to be a somewhat 
arched bed of "loose, elenn, rather fine gravel." This was 
seen to be overlain by till, which exhibited traces of an im- 
perfect stratification elope to their line of separation but 
above is entirely imstrHtifitd 

In the autumn of 1888 it was mj good fortune to find two 
other fections of cirnmlins w hu h more amply display this in- 
teresting struetiirt nameh th< I hird and Fourth Clifi's of 
Seituiite, MasH.. about t«<ntj fi\i. niiies southeast of Boston. 




These drumlins, respeeti 
omsiet of till upon their 
varies from IB lo 25 feet : 



t 70 and 00 feet in highl, 
faee and to a depth that 
hut below include beds of 




modified drift that attain in Third Clilf a thickness of at least 
auto 40 feet, ren.-hing to the boulder-strewn shore, and in 
Fourth ( 'litf a thickness of 10 to 20 feet, being seen there to be 
underlain by till and to be also in pnrt interbedded with it. 



The Madixoi, Tgi>e of Tinitnlina.— Upham. 78 

Detailed deBcri])tions of these sections, with figures of them 
and a map showing the four aea-clitfs and a remarkable esker 
called Coleman's hill, extending a mile westward from the 
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drumlin of the Third Cliff, are given in the second of my pa- 
pers in the Proceedings of the Boston Society of Natural 
History before cited. By the kindness of the secretary of this 
society. I am permitted also to present here these figures and 
map, for compBriaon with the Madison drumlins which are 
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shown in Plate iii. The extraordinary structure of the till- 
coveredhill of Third Cliff, and its topographic position in the 
same east and west line with the eeker of Coleman's hill, con- 
vince me that the two were formed rapidly and in close suc- 
cession, the esker after the drumlin. during the retreat of the 
ice-sheet, here withdrawing from cast t« west, at the end of 
the Glacial period. 

Similar druhlins, with uohe nitleai. stratipikd .sand, in 



Ma 



.Wis 



Three hills of this class or type, each having a large central 
mass of stratified nand and tine gravel, with a superficial 
veneer, mostly 5 to 10 feet thick, of boulder-clay or till, 
stand in an east to west series forming the most conspicuous 
elevations of the city of J^Iadison, Wisconsin. The state Cap- 
itol crowns the eastern one of these peculiar drumlins; the 
oldest building of the state university is on the summit of the 
second; and the crest of the thir<l and most western, where 
the president of the university formerly lived, is now, since 
1878, the site of the Washburn Observatory and of the resi- 
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denee of the astronomer. Prof. George C. Comstock. They are 
accordingly known ag the (.'apitol, University, and Observatory 
hills. Madison lies about a dozen miles east from the eastern 
border of the large driftless area of Wisconsin, which there is 
bounded by the outermost or Kettle moraine of the later drift. 
Toward this moraine the ice-sheet in the vicinity of Madison 
moved south westward, as is shown by the courses of glacial 
striae on the somewhat infrequent exposures of the bed-rocks. 
Altitudes of these hills and others in Madison and of the 
contiguous lakes, Mendota or Fourth lake, close on the north, 
and Monona or Third lake and lake Wingra. close on the 
south, I have received from the contoured map of the eity in 
the otHce of Mr. McClellan Dodge, the county and city engi- 
neer, and in part from Prof. Nelson O. Whitney. Further 
notes, as given in the following table, of the altitudes of the 
avenues of drainage from this district southward to the Rock 
river and from the watershed west of Madison and lake Men- 
dota westward by the Black Earth river to the Wisconsin, and 
the bights of the most prominent points within a score of 
miles northward and eastward, from which directions the gla- 
cial currents and drift of this area came, are derived from the 
reports and atlas of the Geological Survey of Wisconsin by 
Profs. Chamberlin and Irving and their assistants. 

Altitudta in Mudixon (imJ itn vicinity. 

Feet above 
the sea. 

I^ak«* Michijran. mran surface abov*' mran lid«» s«'a l«»vel. . . .581 

Rock river a! li«'l<)it, on the south line of Wisconsin TM 

Hock river at the mouth of Catfish creek (Yahara river), 

about 775 

Lake Koshkononj:, about 781 

Lake Kejronsa, tlie First lake of the series tributary by C'at- 

fish creek to tlie Rock river 841 

Lake Waubesa, the Second lake 842 

Lake Monona, the Third lake, low water, the datum of the 

Madison city levels 843 

Lake Mendota, the Fourth lake 851 

Lake Win«rra, shallow, west of lake Monona and tributary 

to it 847 

Madison, tin* eastern railway deiM>is 849 

Madis«)n. the western dejM)l of tin- ('. >L v.\: St. P. railway .. .850 
Top of Capitol hill 018 
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fop of a highor drumlin about a quarter of a mile north- 
west, at the residence of Senator William F. Vilas 
(called Lanv:don hill on a following? paj^e) 1)28 

Depression between the last and Capitol hill 890 

Drumlin crest on East Gorham street, nearly a half mile 

north-northeast from the capitol 880 

Two drumlius, each risinju: about 25 feetabt)ve the adjoin- 
ing? land, a half mile and one mile east-northeast from 
the eastern deix>ts, crests about 87.") 

Ijow land crossed bj' Lake and Murray streets, at the eas- 
tern base of the University hill, about 8(50 

Top of University hill 1)55 

Depression between l'niv<»rsity and Observatory hills 1)20 

Top of Observatory hill 1)52 

Dairy house of the Wisconsin A ^jri cultural Experiment 

Station farm, on the western slope? of Observatory hill. .1)02 

Residence of Prof. F. H. King, about a sixth of a mile 

southwest of the last 875 

Surface along the course of a south to north series of ex- 
j)erimental borings by Prof. King, at the west end t>f 
Observat4)ry hill, passing about a dozen hkIs west of 
the dairv house 807-872 

Swamp two to three miles west of lake Mendota, on the 
watershed between this lake basin and the Hlack 
Earth river, tributary to tht* Wisconsin river, about. . . .1)35 

Cross Plains, on the Hlack Earth river six miles farth»?r 

west, depot 851) 

Mouth of Hlack Earth river, 27 miles west-northwest of 

Madi.^^on 728 

Highest points of the country within twenty miles to the 
north, northeast, and east from Madison, consisting 
|)artly of the crests of drumlins, but including quar- 
ried rock outcrops up t^) nearly 1,050 feet, situated 
.s<'ven to twelve miles northeast from Madison 1)50-1125 

C-apitol hill, if bounded at each end by a contour line 15 or 
20 feet above lake Monona, has a length of about 4,000 feet, 
trending from northeast to southwest. On the shore of this 
lake, along a distance of a quarter of a mile, the margin of 
the hill has been eroded to a steep bank 20 to 30 feet high. 
Measuring thence across the Capitol Park to the depression 
separating this drumlin from that of Senator Vilas' residence, 
we find the width of the Capitol hill to be about 2,400 feet, 
having a ratio to its length of 6 :10. A large space on its top, 
including most of the ('apitol Park and some adjoining land 
to the extent of fully a quarter of a mile from north to south 
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and a sixth of u mile in width, is nearly flat, with a hight of 
70 to 75 feet above lake Monona. 

In the boiler room of the eapitol building a well 1,015 feet 
deep obtains water which rises from its lower portion to 60 or 
70 feet below the surface. The section shown by this well is 
boulder-clay from the surface to a depth of eight feet; strat- 
ified sand, enclosing occasional boulders, reaches thence 60 
feet: and gravel occupies tiie next twelve feet, to a total 
depth of 80 feet, where the boring appears to have passed into 
shaly beds of the Potsdam sandstone formation. It is possible, 
however, so far as the record indicates, that the next 46 feet 
also are referable to the drift, being boulder-clay or till. Nu- 
merous other sections on this hill, as for cellars and cisterns, 
pass through the till in five to fifteen feet, coming to sand 
beneath. At 80 feet, or less probably 126 feet, the capitol 
well goes into the Potsdam sandstone, which extends to a 
depth of 805 feet from the surface and is succeeded thence to 
the bottom by Archjvan crystalline rocks.* 

The top of the bed rock under the center of the Capitol 
hill, if reached immediately beneath the gravel, lies at a 
greater hight than the beds of lakes Monona and Mendota, 
the maximum depths of which, according to Prof. E. A.Birge, 
are for the former probably abcuit 50 feet, and for the latter 
75 to 80 feet. The greater part of the area of lake Mendota^ 
six miles long and two to four miles wide, seems, by Prof^ 
Birge's two transverse series of soundings, to be a rather flat:- 
tract, depressed 50 to 75 feet bel(»w the lake level. Probabljr" 
under these lakes a considerable thickness of drift overlies^ 
the bed rock, perhaps as much as its average on the surround- 
ing land. 

Northwest of the Capitol hill, an equall}^ l^'ig ^^^ narrow 
drumlin reaches from the northeast end of East Oilman street 
west-southwesterly along that street and Langdon street 
nearly to Lake street. At its northeast end this drumlin rises 
with the usual stce]) slopes, but toward the southwest it is 
prolonged in a very slowly declining ridge. Its top is 85 feet 
above lake Monona. Its surface and the eroded bluff, 20 to 
40 feet high, where its northern side has been worn aw'ay by 
lake Mendota, consist of till with plentiful boulders. Prof. 

*( H'(.»lo,iry of "Wisconsin, xol. ii. 1S77. pp. r»0. r»0."». 



The Madison Type of Dnimlimt. — Upham. *ll 

G. E. Culver informs me that a well dug many years ago on 
the upper part of the steep northeast end of this drumlin 
reached the bed-rock nearly at the level of this adjoining 
lake : and that another well 50 feet deep, on the southwestern 
elope near the crest, is said to be wholly in till. 

About a sixth of a mile of lowland till, only 10 feet above 
lake MendotA, separates the western end of the Langdon hill, 
as the last may be called, from the eastern foot of the Uni- 
versity hill. Beginning close east of Park street and of the 
Science and Library Halls, this hill, more nearly round than any 
other in its series, extends about 1,600 feet from east to west 
with a width of about 1,300 feet, not including the margin of 
probably 100 feet which has been eroded by lake Mendota on 
the north. The original ratio of the width to the length of 
University hill was therefore approximately 7:8. The natu- 
ral section of its northern slope cut b}' the lake erosion shows 
sand to a hight of 15 or 20 feet, enveloped by a superficial 
deposit of about 8 feet of till, whose boulders are strown in 
abundance on the shore. The top of this hill is 104 feet 
above lake Mendota. 

An excellent section to a depth of about 10 feet and 500 
feet long, crossing the eastern slope of University hill about 
midway between its foot and top, was supplied in 1892 by the 
trench for laying a large steam pipe from the boiler house to 
the new^ Law building. At each end this trench found the 
' till to reach from the surface to a depth of 5 to 8 feet, being 
underlain by sand. Thence the till graduall}' diminishes in 
thickness toward the central part of the section, where for a 
distance of some 200 feet or more the sand rises quite to the 
surface. This portion of the central sand mass, destitute of 
its usual covering of till, forms a slightl}' protuberant swell, 
one to five feet in hight above the general slope, from close 
to the base upward for two-thirds of the hight of the hill. 
Nowhere else on any of these drumlins does their nucleal mod- 
ified drift have an}" natural exposure at the surface, being, 
with this exception, everjnvhere veneered by the boulder- 
clay or till. 

From the capitol to the original main building of the Uni- 
versity', that is, from center to center of the Capitol and Uni- 
versity hills, is a distance of one mile in a due west course. 
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Adjoining the west end of University hill, be^'ond an inter- 
vening depression of 30 feet below their summits, rises the 
Observatory hill, 101 feet above lake Mendot«, about 1,800 
feet long and two-thirds as wide, trending from east to west, 
but with its western extremity slightly deflected southwest- 
ward. The observatory is 57 rods west of the University 
main building, and 39 rods from lake Mendota. A contour 
line 70 feet above the lake, at the level of the sag between, 
the two hill tops, encircles an upper area of the Observatory 
hill 450 feet wide and 1,100 feet long, having nearly the ratio 
of 2:5. 

An excavation for a cess-pool at the top of this hill close 
to Prof. C!omstock's house, reaching a depth of 21 feet, found 
the boulder-clay 7 feet thick, and all its lower portion was in 
sand and gravel, the coarsest layers containing pebbles up to 
six inches in diameter. Here and there a few boulders, up to 
two feet in diameter, were encountered in the stratified drift. 
Three to six rods southwest of the observatory, an excava- 
tion in the southern slope to a depth of 20 or 30 feet was 
worked many ^^ears ago to suppl}' sand and gravel for masons' 
use and road repairing. Much gravel and many boulders of 
small and large siz.e are embedded in the superficial till of this 
hill, as seen by me on its surface and in excavations to the 
depth of ten feet for the foundations of the Agricultural 
College green-house, near the dairy house on its western slope. 
On the very top, only about four rods west of the observatory, 
a boulder of Archiean gneiss, ten feet long, lies half or more 
embedded in the till. Prof. R. 1). Irving stated the depth of 
the drift under the top of this hill to the bed rock to be 122 
feet.* Under its western part, at the dairy house, according 
to Prof. F. H. King, a well 48 feet above lake Mendota went 
six feet in till, and all its remaining depth, to a total of 84 
feet, in sand and gravel, not reaching the bed rock. 

Sl'BGLACIAL DEPOSITION OF THE Nlt^LEAL BEDS. 

In Madison, as in Winthrop and Scituate, Mass., I regard 
the nucleal sand and gravel of these drumlins as a subglacial 
deposit, brought to its present place by streams flowing from 
the melting surface of the ice-sheet during its final recession. 
The sand and gravel were gathered, as I think, from englacial 

*(J«M)U)«rv of Wisconsin, vul. ii. p. (5*2."). 
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drift which had become siiporglacial 'being exposed on the 

ice surface by ablation. Loaded with these materials, the 

«?uperglacial streams encountered crevasses, down which they 

plunged. Wholly beneath the ice-sheet, or within its lower 

part, at the level whence the waters flowed away under or 

-^I'ithin the ice, bearing their finer silt and clay onward, the 

beds forming the center of these hills were accumulated. In 

the case of the Madison drumlins, the avenue of outflow of 

the subglacial or more probably englacial stream appears to 

have been the col, now a swamp about 85 feet above lake 

Mendota, which divides that lake basin from the Black Earth 

river flowing into the Wisconsin river (figure 1, plate in). 

The locations of the three large drumlins in Madison which 
are known to enclose stratified sand and gravel as their cen- 
tral and chief masses, forming an east to west series, seem to 
me to point very surely to their close relationship in origin. 
When this Green Bay lobe of the ice-sheet receded from its 
Kettle moraine, convergent slopes of its surface from the north 
and south and from a considerable area eastward probably 
turned the waters of its melting and of rains toward the east 
to west line of these hills and toward the Black Earth col. 
The principal stream of this depression upon the ice, falling 
through crevasses during several or many summers, appears to 
have amassed first the chief part of the Observatory hill, and 
*^fterward successively the nucleal beds of the University and 
Uapitol hills (figures 2 and 3, plate in). 

Not only these great accumulations of sand and gravel were 
so deposited, but also similar beds were laid down on the low- 
lands and overspread by till west of the Observatory hill and 
^ast of the University hill. A series of eleven borings by 
T*rof. F. H. King on the Agricultural fixperiment Station 
farm, along a line one- fourth of a mile long from south to 
north passing across the western base of Observatory hill, 
found the till to range from 8 to 20 feet in thickness, attain- 
ing its maximum at the end of the longer axis of the hill, 
where a boring was stopped at 20 feet by a boulder. All the 
other borings of the series passed through the till and went 
several feet in gravel, which undoubtedly is continuous with 
the chfef mass of the hill. On the flat and slightly lower sur- 
face within a sixth of a mile farther west the superficial de- 
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posit of till contains notably fewer boulders and less gravel 
than on the hill and close to its base, and its thickness is de- 
creased to 5 feet or in some places only 3 feet. At Prof. 
King's house, 24 feet above lake Meudota, the till is 8 feet 
deep, underlain by 12 feet of sand and fine gravel, to the bed 
rock at the depth of 20 feet. Likewise on the lowland east 
of the University hill, a well at Prof. Birge's house, about 10 
feet above lake Mendota, went 8 feet in till, and several feet 
into sand below. 

One reason for an exceptionally large proportion of sand 
in the drift of this area is found in the underlying Potsdam 
sandstone, which reaches five miles northeastward and twelve 
miles northward from Madison. Prof. Irving suggested that 
the basins filled by the lakes north and south of this city were 
probably made chiefly by glacial erosion of this soft sand- 
stone. 

When the border of the ice-sheet had retreated so far as to 
uncover the land here, much further deposition of sand and 
gravel as hillocky and ridged low kames and eskers, occasion- 
ally enclosing boulders but not overlain by till, took place on 
the area extending from a half mile to one and a half miles 
south of the University hill. The most noteworthy of these 
deposits is an esker a half mile or more in length from south- 
east to northwest and 30 to 60 feet high, which forms part of 
the northeastern shore of lake Wingra and reaches southward 
beyond Fitchburg street. Excavations in the southern part 
of this gravel and sand ridge show an irregular stratification 
with a prevailing northwestward dip, varying from 15° to 
45°. The glacial river by which the esker was formed, walled 
by ice on each side occupying the present areas of lakes Win- 
gra and Monona, flowed to the northwest, transverse to the 
previous direction of the glacial movement over this tract, 
but toward the Black Earth col and the avenue of the some- 
what earlier glacial drainage to which I think the accumula- 
tion of the sand and gravel cores of the Madison drumlins 
was due. 

ACC'LML'LATION OF THE OVERLVIN(; TILL. 

Above the sand and gravel in these drumlins there is so 
scanty a veneer of till that we may readil}' assign nearly all 
of it to the probabl}' somewhat uniformly thick sheet of finally 
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englacial and superglacial drift contained in the ice and ex- 
posed on the surface when its boundary was withdrawn across 
this area. On the lowlands adjoining the hills this sheet ap- 
pears to have been from three to eight feet thick. Neither 
there nor on the hills do I see need of supposing, with Prof. 
R. D. Salisbury,* that some part of the fine silt of this till had 
been blown upon the ice-sheet from the driftless area, unless 
it may be so small an addition as the "cryoconite" observed 
by Nordenskiold and Nansen on the western half of the Green- 
land ice-sheet.f 

My observations, like those of Profs. Chamberlin and King, 
find the till upon the Madison drumlins more plentifully 
charged with boulders and smaller stones than the correlative 
deposit on the lowlands. The transportation of these rock 
fragments from the adjoining portions of the ice-sheet to the 
drumlin hills I think attributable to convergent glacial cur- 
rents flowing downward from contiguous higher tracts of the 
ice to the depressions of its surface beneath which the sand 
and gravel had been amassed.* In reference to the theory of 
the origin of drumlins which I present in the paper here cited, 
I may reply to the principal objection urged against it by 
Prof. W. M. Davis,§ Mr. George 11. Barton, || and Prof. T. C. 
Chamberlin,** namel3% the local derivation of much of the 
drift forming the drumlins, that 1 have partly considered this 
objection in the original paper, as it seems to me sufficiently 
for such drift as is derived from distances of one mile or more. 
The upward moving basal currents of the ice probably carried 
the drift up from the land to bights equal to that of the largest 
drumlins within one or two miles of advance, as is shown by 
the Pinnacle hills esker, Rochester, N. Y. Moreover, wherever 
drumlin accumulation took place on a land surface, with no 
ice beneath, as may have been the more common way, much 

♦Am. Geologist, vol. xii, p. 172, St'pt., ISlKi. 

+Am. Geologist, vol. viii, p. 147, Sept., 181)1. 

^•'Conditions of Accumulation of Drumlins," Am. Geologist, vol. x, 
pp. 139-102. Doc, 1892. 

!;Proceedings, Boston Soc. Nat. Hist., vol. xxvi, p]). 17-23, Nov. 1(), 
1892. 

I Ibid., pp. 23-25. 

**JournHl of Goolojfv, vol. i. f)p. 259-201 . Ai)ril-Mav. 1893: also sim- pp. 
021-.V24, July-Aug., 1893. 
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drift from the land, carried forward flubjjjlafially while the 
driiinlin was being amassed, would be commingled with its 
previously englaeial drift. Kspecially where such a drumlin 
appears to have been formed upon a roek knob, thereby con- 
cealing it, as instanced by ('hamberlin from observations of 
Mr. Buell in Wisconsin, the englacial drift and many frag- 
ments from the knob on which it was accumulated must be 
intermixed in the growing drift hill. The idea of Prof. Davis 
that the englacial drift in becoming superglacial by ablation 
must be mostlv or whollv washed, assorted, and stratified on 
the ice surface by the water and streams produced in its melt- 
ing, seems not to be supported by the prevailing character of 
the drift covering the border of the Malaspina ice-sheet; and 
it was not so supposed by me for the waning border of the 
Pleistocene ice-sheet in the process of its concentration of the 
drift to form these hills. After reading Prof. R. S. Tarr's re- 
cent paper on this subject,* I still believe the usual drumiins 
consisting wholly of till to have been formed from englacial 
drift which had become superglacial and was afterward 
enclosed as a stratum of drift in the ice-sheet. By this view 
I think that all the peculiarities of distribution and group- 
ing of the drumiins may be best explained. 

Upon a large region extending eastward from Madison 
drumiins arc very abundant, so that Mr. I. M. Buell, assisting 
i^rof. ('hamberlin in the glacial field work of the United States 
(Geological Survey, has mapped nearly 2,500 of them in south- 
eastern Wiscronsin, finding in some tract!?* an average of 
about seventy- five for each township six miles square. f The 
country* is a moderately rolling or hilly but nowhere very ele- 
vated expanse of the Cambrian and Silurian betl rocks, upon 
which the drift is spread as a somewhat uniform sheet. Above 
the general drift sheet its drumlin hills comprise usually only 
a small part of its entin^ amount. They occupy, even where 
grouped most closely, perhaps a quarter or third of all the 
area, rising 50 to 150 feet above the intervening low grounds. 
It will be a most interesting question to determine whether 
th(» Madison type of drumiins has any large representation in 
this region. (Conversations with Profs. Chamberlin and Sal- 

* Am. (Jkolo<»ist, vol. xiii. pp. :«).*{- U)7, . I luie. ISiM. 
f Am. (iKOLociisT. vol. XII. pp. 172, 17(5, Sept., ISU.'J. 
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isbury, Mr. Frank Leverett, and Mr. Buell, who all have spec- 
ially studied the drift aroijnd MadiBon, lead me to think it 
more frequent there than in New Hampshire, Massachusetts, 
and New York, where also drumlins are magnificently devel- 
oped, among which, however, the Madison type certainly is 
very rare. 



NOTES ON THE GEOLOGY OF THE ROCKY MOUN- 
TAINS BETWEEN THE SASKATCHEWAN 
AND THE ATHABASCA. 

By A. P. CoLEiMAN, School of Practical Science. Toronto, Can. 

During the summers of 1892 and 1893 some explorations 
were made in the Rockies between the headwaters of the Sas- 
katchewan and the Athabasca. The region lies between two 
fairly well known passes, the Howse pass, leading from the 
Saskatchewan to the Columbia, and the Athabasca pass, fol- 
lowing up Whirlpool river from its junction with the Athabasca 
and following down Wood river, a tributary of the Columbia. 
The tract of mountains lying between the two passes, though 
including some of the grandest mountain scenery in North 
America, has been almost wholly neglected by scientific ob- 
servers, and the maps hitherto published represent it \^vy in- 
correctly. 

In 1892 the expedition consisted of Mr. Stewart, of Toronto, 
Dr. Laird, of Winnipeg, Mr. Pruyn, Mr. L. Q. Coleman, of 
Morley, Alberta, and the writer; with two Stony Indians as 
guides. In 1893 the party was limited to Mr. Stewart, Mr. 
L. Q. Coleman, and the writer. Guides were dispensed with, 
having been found useless beyond their own hunting grounds. 
A white man, Frank Sibbald, was employed as packer, and 
proved very efficient. 

The object of the expeditions was mainly topographical, to 
explore an interesting unexplored region and especially to de- 
termine the hight of Mt. Brown, reputed the highest mountain 
in Canada. The topographical results and a map showing 
several new lakes and rivers, as well as the general mountain 
features, will be published elsewhere. It maj'^ be mentioned, 
however, that Mt. Brown was found to be only 9,000 feet in 
hight, instead of nearly 16,000, as generally stated. There 
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were many higher peaks in the region explored, but probably 
none rising above 13,500 feet. 

Observations were made on the geological features of the 
region, and a small collection of fossils was obtained. These 
were submitted to Mr. B. K. Walker, of Toronto, for determi- 
nation, and mv heartiest thanks are due to him for the care- 
ful work bestowed upon them. A few fossils which Mr. 
Walker was in doubt about were referred to Sir Wm. Dawson 
and some others to Mr. J. F. Whiteaves, palaeontologist to the 
Canadian Geological Survey. I wish to express my thanks 
to these gentlemen for their kindness in examining and report- 
ing upon the specimens sent. 

The regioiv examined lies between latitude 52° and 53<^, and 
between longitude 116^15 and llS°8i). The mountain 
ranges have the usual northwest-southeast trend. Minor val- 
leys lie generally between the ranges, but the more important 
ones are apt to be transverse. The most important river val- 
ley between the Saskatchewan and the headwaters of 
the Athabasca is that of the Brazeau, a tributar^^ of the 
former river. This fine valle3% thirty miles northwest of 
the Saskatchewan, foVms an excellent natural section from 
the prairies southwest nearh' to the Pacific watershed. 
The Saskatchewan emerges from the main range atlat. 52° 15 v 
long. 116^ 18 . Between this point and the Brazeau the foot- 
hills consist of grey Laramie shales and sandstones with some^ 
conglomerates, largely made up of chert pebbles derived fronx 
the Paheozoic rocks. No fossils were obtained from theses 
rocks, but seams of coal were observed at the crossing of j* 
small tributary of the Saskatchewan, the Atiko-sipi, tht? 
largest about three feet in thickness. Shaly impure coal was 
observed near a still smaller stream a little southeast of the 
Brazeau gap. 

A few miles to the northeast of the Rockies proper there is 
a discontinuous range of isolated mountains with the usual 
trend. They rise to 7,000 or S,000 feet, and are of tilted and 
folded rocks, probably Paheozoic. The Cretaceous foothills 
have in general the same northwest and southeast trend and 
dip of 45° or less to the southwest or the south-southwest that 
are observed in the mountains, with a steej) escarpment to- 
ward the northeast. Tsually, however, the dip is much gen- 
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tier than 45°, and from the softness of the materials the forms 
of the hills are softened and covered with forest or sod. 

Entering the "gap'' of the Brazeau and following up the 
river to its sources, we pass a succession of "tilted block" 
mountain ranges, seven in all. Our work was confined to the 
left bank of the river. 

The first mountain was wholly of limestone, somewhat fos- 
siliferous. The specimens obtained were poorly preserved, 
but are described by Mr. Walker as "a ramose Favosites, the 
impression of a brachiopod {Productiisf)^ and three sections 
of gastropods not in condition for further determination, 
probably Devonian." 

The next mountain climbed, a few miles farther up the 
river, was of highly fossiliferous limestone. A stratum near 
the bottom yielded the following species, as determined by 
Mr. Walker : 

Atrypa reticularis Linn.; several si)ecimens, all of the small variety 
found in the Chemung group of the Devonian. 

Spirifera disjuncta Sowekbv. 

Spirifera cyrtinaeformis H. and W. 

Spirifera orestes H. and W. 

Orthis iowensis Hall. This, in common with some other Devonian 
sfx'cies of OrthJdfp, is doubtless only a variety of (). striatula 

SCIILOTHEIM.* 

Rhynchonella castanea Meek; young individual. 

Productus subaculeatus Murch. 

Diphyphyllum (Eridophyllum) .strictum E. and H. 

The corallites are smaller than in eastern specimens, being 
only two lines at the widest, with the usual periodic constric- 
tions. In size and arrangement of interior this species agrees 
with D. simcoense Billings, but the calicular gemmation is 
distinctly shown. The second, third, fourth and fifth species 
belong, in the east, to the Chemung group of the Upper De- 
vonian. 

From the next mountain to the southwest only one fossil 
was obtained, a coral, described as follows: 

(,'yathophyllum, sp. ? E.xternally it presents the apjM^arance of Cya- 
thophyllum (Blothrophyllum) decorticatum Hillinc.s, and doubtless it 
belongs to that group. The central area, however, has no liat trans- 
verse diaphragms. The epitheca is removed, and the outsid*' area pre- 
sents at irregular intervals the extensions of the arched vesicular plates 
as in Blothrophyllum. In cross-section tbere is the typical apjx'arance 
•Cont. Can. Pal., vol. i, pt. in, p. 218. 
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of C'yathophylluni. surrounded by an unoccupied area, which again is 
surrounded by ihe ed>r«^s of the arched, vesicular plates. It is much 
larger than Cyathophyllum athabasc«'nse Wiiiteavks, but appears to b<j 
closelv related !o it. 

The next mountain up the Brazeau forms a sharp ridge of 
limestone with a little slate, dipping 40 degrees to the south- 
west. The fossils collected are all Upper Devonian, as deter- 
mined by 31r. Walker : 

Spirifera disjuncta Sowehby; long-winged varifly. 

Strophomena rhomboidalis Wilckins. 

Streptelasma n'Ctum Hall. 

Fenestella sp. 

The next ridge has a gentler slope and consists of yellowish 
brown clay slate, partially covered by a thick bod of rough 
cherty limestone. No fossils were found. 

Then follows a small group of mountains just southwest of 
Brazeau lake, having a dip of 28© to the northeast, the reverse 
of the usual tilt in the region. The rocks observed are some- 
times oi'ilitic limestones, but often they appear to be con- 
glomerate beds, containing thin, shaly pebbles and cemented 
by more ferruginous material which weathers yellow. Weath- 
ered surfaces often present a marked <*oncretionary structure 
and form shell-like hemispheres, from a few inches to a foot 
or more in diameter. The chief fossils observed are trilobites, 
Mr. Walker describing the specimens brought back as "sev- 
eral small slabs covered with glabelhe of a Proetus closely 
allied to /^ neraiia- Hall, of the Devonian." 

Near the foot of this mountain a cut bank of shale beside 
the north fork of the Brazeau is quite fossiliferous and is ap- 
parently a small outlier of the Oretaceous. Specimens of 
plant remains from this place, which were submitted to Sir 
Wm. Dawson, proved too fragmentary for determination. 
Mixed with them he found some scales of animal origin, 
probably remains of fishes and arthropods. Of some brachio- 
pods from the same place, sent to Ottawa, Mr. Whiteaves re- 
marks : 

The thr«M' specinn'iis from Cut Hunk (Camp IS) contain, as you say, a 
small Lingula, but I am not sun* by any means what I^ingula it is. 
Tak«'n in connection with your stal«*m»'nt that th«' specimi'us occur with 
fossil plants, it .s«*ems not at all unlikely that thry belong to the K(K)ta- 
nie series of Sir William Dawson. 

At the headwaters of the south fork of the Brazeau, a moun- 
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tain more than 10,000 feet high consists of limestone, oolitic 
in part, with a dip of 30° to the southwest. Beneath the 
limestone, in the valley, thick beds of flesh-colored quartzitic 
sandstones and conglomerates crop out. No fossils were ob- 
tained either from the limestones or sandstones. 

Two passes were traversed between the Brazeau and the 
Kooetnay plains on the Saskatchewan, an eastern one follow- 
ing up Job's creek and down Rock creek, and a western one 
along (-ataract river. Along the former pass there were 
mountains of limestone with some slate, tilted 45°-50° to the 
southwest. Reddish quartzite crops out in the lower part 
of the Rock creek valley. Some of the tilted mountains to 
the southwest of the pass have folded foothills in front. 
Corals were collected at the summit of the pass, but by acci- 
dent were lost. 

Southwest of the Cataract pass several mountains are but 
slightly tilted and take on cathedral shapes. The rock ob- 
served is chiefly pink or purplish quartzite, often with trans- 
verse bedding. 

Near the head of Cataract river is a small sheet of water 
which we named Pinto lake. The rocks surrounding it are 
chiefly limestone ; and from Plateau mountain, just west of 
it, numerous fossils were obtained, which have been deter- 
mined by Mr. Walker as follows : 

Atrypa reticularis: Sfvrral specimens, mostly abov»' the av«Ta«rr siz«». 

Ph'urotomaria? 

I)il)hyphynum arundinaccum Billinus. Id the siz«' of the coraliites 
uiul the manner of j^emmation thes** specimens a^'ree with I), anindi- 
naceiim. Thev may be onlv a larjr^'r variety of I), stramineum Bil- 
MX<»s: and, if so. one of the many varieties included by Kominjrer un- 
der Diphyphyllum (Kridophyllum) simcoense Bilmnos. 

Pachyphyllum w<M)dmani Whitk; one very iH'rfect specimen. 

Shib with w«*athered l)ranches of TrematoiK)ra, <*tc. 

P. WiKxlmani indicates (hat the rock is rp|)er Devonian. 

Near the ford of the Saskatchewan on the Kootenay plains, 
and not far from the left bank of the river, a mountain form- 
ing a sharp anticlinal fold was ascended and named Triangle 
peak. Mr. Walker determines the fossils found there as: 

Spirlfera disjuncta Sowkhhv: several specimens, with the usual va- 
riations in shape. 

At!iyris(cf. A.cora Hall). The tew sp«'cim«'ns an* all so exfoliated 
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thai t)n' rxtcrior charact«Ts cannot \>v (l<'l«'rmiiic(l. Tln'v an* larjrt-r 
than thoso illuslratfd by Hall. 

Part of a valvr of a Prmluctus, s)io\vin«; numtTons spiiifs. 

Cast of a HoIIcrophon. 

Zaphn^ntis prolifica Uii.Lix<is; a sin>rl<* spi'cim«'n. 

Syrin^o|H)ra ptTfleirans HiLMNCts. 

Thos«» an* all fnun tin* rpiH*r l)<*v<»nian. Tin- first is found in tin- 
stati* of N«'w York only in tin* ('h«*munjr ,irn)Up: but clsowlu'n* it ranjrcs 
from tin* Middh* to tin* l'p|M'r I)t»vonian. inriusivf. Tb»* n«»xt to the 
last siHTi^'s is found in th«* «*ast in th»* l'p|H*r Hrld«»rb»'r^ and Hamilton 
if roups. Tln' htst apiM*ars to \w contln«'d to th<* I'pjK'r H«*Id«»rber«r in the 
nasi, but Walcott states that in Nevada it is found throughout the 
whole Devonian seri»*s.* 

Turning northwest from the headwaters of the Bruzeau, we 
find along Jonas pass 8t<.»ep quartzite mountains dipping in 
the usual way; and the same continue along the right bank 
of the Sun-wapta, the eastern branch of the Athabasca, and 
juore or less along the main river as far as to Athabasca falls, 
a distance of about fifty miles. Above the mouth of Jonas 
creek, on the west bank of the Sun-wapt4i, a mountain rising- 
above 10,000 feet is of limest/)ne. 

Southwest of the Sun-wapta and of the Athabasca belo^i-" 
the junction of the former river, the mountains no longer have^ 
the regularity observed in the northeastern portion of the? 
Rockies. The subordinate ranges lose the uniform northwest 
and southeast trend so characteristic farther east. The river 
valleys can no longer be divided into two sharply defined di- 
rections, one parallel to the strike of the tilted blocks and the 
other transverse to it. Many of the mountains, such as For- 
tress and Quincy, near Fortress lake, are of the castellated or 
cathedral type with nearly horizontal strata and very steep 
walls, the result of erosion. The rocks observed east and 
north of Fortress lake are purplish quartzites and quartzitie 
conglomerates. South of the lake, along Misty creek, bluish 
grey limestones with yellowish streaks occur, and the strata 
dip toward the south, while the mountains present a bold front 
northward. 

Misty mountain, 10,000 feet, in lat. 52^ 20 , long. 118°, con- 
sists chietly of limestones showing bluish grey and yellowish 
bands or concretions. The moraine of a glacier descending 

*l'. S. (ieol. Survey. Momnrraph viii. ISSt, Paleontolotry of tht'Kureka 
District, p. ."i. 
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from its flanks consists of a variety of rocks, including lime- 
stones, sometimes containing chert, sometimes oi)litic, and at 
times having curious concretionary structures; greenish 
slate ; and black shales with white veins of quartz or calcite, 
the latter often satin spar of the fibrous variety. A few fbs- 
sils obtained from moraine blocks were examined by Mr. 
Whiteaves, who writes: 

One of the si»ecinipns contains numerous valvf*s of a siK»ci<'S of Obo- 
k»lla, with fragmentary portions of a trilobite, probably ()len<.'llus. Tht* 
other contains an ira|x*rfect irilobit**, iK)Ssibly Ptychoparia. These 
irive me rather the impression of belon«;in?r to the Lower Cambrian <»r 
Olenelhis zone. 

Along the Athabasca below the falls and near the mouth of 
the Miette, slates crop out, dipping at one point 45° to the 
southwest, and at another nearly vertically, with an east and 
west strike. These slates and some obscure schistose rocks 
appear to underlie somewhat metamorphosed conglomerates 
with interbedded chloritic layers. In the conglomerate angu- 
lar fragments of slate are sometimes included. Along the 
lower portion of the Miette, which enters the Athabasca from 
the west, nearly vertical beds of somewhat metamorphosed 
conglomerate form the prevailing rocks. 

Ascending Whirlpool river from the Athabasca, the rocks 
for a few miles up are quartzites and conglomerates, both 
show^ing scales of mica. The mountains have the usual tilt 
for the greater part, though a few present nearly horizontal 
strata. Fifteen or twenty miles up the river the mountains 
show fine examples of folds and the rock changes to limestone 
with some slate. Near the summit of the pass dark grey 
slates appear, along with shiny, wrinkled sericite schist. On 
Mt. Brown the rock observed was chiefly slate with a shim- 
mer of sericite, some specimens containing cubes of pyrite. 
At the Committee's Punch -bowl, the summit of Athabasca 
pass, the prevailing rocks, chiefly boulders, are slates and 
quartzitic sandstones. The schistose rocks of this pass are 
evidently of metamorphic origin, modified sediments, by no 
means perfectly crystalline. They resemble somewhat tlie seri- 
cite schists of the Columbia valley, near Surprise rapids and 
lake Kirabasket. They are the only schistose rocks which I 
have observed in the (Canadian Rocky mountains. Eruptives 



9i) The AnterirdH Geotoijisf, Aafcast, 18&4 

do not, so far as 1 have (»hservo(L occur at all, anil tiic schis- 
tose rocks are not fcMind east of h»ng. IIS^. 

('oniparin<^ our observations with the admirable work of 
Mr. Mcronnell in Bow pass, we may conclude* that the chief 
fo!«siliferous beds observed, I'pper Devonian according to Mr. 
Walker's determination of the fossils, correspond to the Banif 
linujstone of Bow pass, there considered Lower Carboniferous 
or I'pper Devonian. The species of fossils referred to by 
McConnell, **a lUnjiirinnnUn like liockji-M (nttdnn^ another 
like //. )nefnfh'rn, Aft'iipn ref irtitti I'i.s, x\ Sptrifent like «S. tchit- 
y/r///. also species of Af/tt/n's, I*r<Khirfiis, Licfuts, ErhUfphiflhiiit^ 
and Diplniitlijillnw,^'* are in general like those obtained along" 
the Hrazeau aiul neighboring streams, but the}' do not appear 
to agn^e very closely. Whether the oolitic limestones found 
at several points in our n^gicui correspond to McConneirn* 
Castle Mountain group, which is ('ambrian,f cannot be settled 
until fossils are found. The only instance where fossils df» 
occur, not in the oolite but wvivr h}\ is near Brazeau lake, 
about 8,000 feet above the sea level, where a Proctfut closely 
allied to /'. nev<ul(v is found, probably Devonian. 

McConnell describes the shales associated with the Banff 
limestone as passing into sandstones and (juartzites. Whether 
the thousands of feet of similar rocks observed by us, forming 
independent mountain ranges, as along the Sun-wapta, or un- 
derlying the limestones in other parts, are of the same age, it 
is impossible to say. 

We found no equivalent of McConnelTs Ilalysites beds. J 
The structural features described by McConnell in Bow pass 
correspond in general to those along the Brazeau, but of 
course details are entirely different. 

It will be of much interest to compare the region described 
in this paper with that along Howse pass traversed by Mc- 
Connell in 1892. His work will doubtless afford material for 
connecting and completing our fragmentary investigations. 

A brief reference should be nuide to the superficial geology 
of the region traversed. Evidence of glacial action is wide- 

*(nM»I. Siir. Canada. Aininal U'-Jjort. in'W scrips, vol. ii. for 18845. j». 
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spread in the shape of moraines, lakes dammed with loose 
materials, polished and striated rock surfaces. In fact the 
Ice age still exists in a shrunken condition in the hundreds, 
perhaps even thousands, of glaciers to be found on the higher 
summits. A score may of ten be observed from a single point, 
e. g., any summit along the Sun-wapta. A glacier traversed 
by lis on Misty mountain is nearly three miles in length, with 
a magnificent ice fall. Many others are much longer and 
larger than this, especially east and west of Fortress lake; 
but all appear to be shrinking, as proved, in some instances, 
by a series of t^^rminal moraines below the present ice foot, 
the lowest tree-covered, the higher ones still bare. The low^- 
est level of permanent ice observed was at the foot of a large 
glacier w-hich comes down to the level of the valley, 4,400 
feet, on Whirlpool river near the summit of the Athabasca 
pass. 

Since the retreat of the ice from the lower levels there has 
not been time, e. g. along the Brazeau, for the formation of 
very high terraces, though most of the river valleys show 
traces of terracing. North of the Saskatchewan nothing at 
all like the fine terraces of Bow river was observed. The 
many lakes, ranging in size from Fortress lake, eight miles 
long, to mere ponds, indicate also a comparatively recent re- 
treat of the ice. The wearing away of a small amount of 
rock would drain Brazeau lake, which is separated from a 
violent rapid by only a few feet of quartzite. The fine w^ater- 
falls of the Sun-wapta and Athabasca have cut their way 
back through caflons, sharp-walled but only a few hundred 
yards long, indicating only a short period of action under 
present conditions. 

To sum up the geological features of the region examined, 
we may describe the southeastern portion, well displayed 
along the Brazeau river, as consisting of a series of seven or 
more minor ranges, each striking northwest and southeast, 
and tilted 25°-45*^ toward the coast line of the Pacific. These 
blocks, consisting of thousands of feet of quartzite and con- 
glomerate, often overlain by thousands of feet of Devonian 
limestones, appear to have been thrown into their present 
attitudes by a series of reversed faults, as described by Mc- 
Connell in Bow pass. The rare folds observed in this portion 
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of tin* niountains perliaps represent the dying out of such 
faults. Thoujjjh no ('retaeeous rocks have been proved to 
overlie the Di^vonian strata, it is probable that the faulting 
whieh produced the mountains took place since Cretaceous 
times, for the foothills of Laramie sandstones give evidence 
of parallel faultinjij and tilting. 

On approaching the watershed of the Rockies west and 
northwest of the region just referred to, the regularity of 
structure largely disappears. The direction and amount of 
dip vary, folds are not unc(»mmon, and the rocks become 
more or less mica(*e<»us and metamorphosed; slates and seri- 
cite schists underlie the quartzites and conglomerates; and 
fossiliferous beds were not observed. The apparent absence 
of eruptive or plutonic rocks is a feature worthy of note in a 
region where faulting has taken place on so huge a scale. 

The eviden<*e of the action of Dr. George M. Dawson's Cor- 
dilleran ice mass is distinct: the time which has elapsed 
•since the Ice age has been comparatively short; and the innu- 
merable glaciers of the region represent the shrinking rem- 
nants of the ice-sheet. 



NOTES ON THE GEOLOGYOF THE COAST RANGES 

OF CALIFORNIA. 

B\ H. W. Ti RNFR ami T. W. Staxton. of the U. S. Geological Survey. 

The following fragmentary notes were made some years 
ag«» during the investigation of the quicksilver deposits of 
the Pacific slope by the i\ S. (Geological Survey. With the 
exception of those given in the notes on Yolo county, all the 
determinations of the fossils have been made by Mr. T. W. 
Slanliwi, of Washington, 1>. i\ 

Thk < 'iiu'o-Tk.iox series. 

1 1 was siaieil by Prof. Whitney and Or. Gabb that the up- 
per Oeiactous (<'hico» beds of i'alifornia and the T^jon beds 
» !:«nv kTio\% !\ to bo KiventM are conft»rmable: and Dr. Gabb 
^:vi s :i li^i ..f vjmii < »»! molhisks said to be common to the 
:\\.^ :'::.i.ir..»:'.v \\\ iss'j Prvf. Ani:ili» lleilprin* published a 
r \ ,1 v\ . '. i;:«M»"< \\t>:'N V ;i p:iprr. "Oii ilir age of the Tejon 
- ''\< '. \ .1 :: ■ • a ..ui w.i .',v.:rr« r.vt "f animonilic remains 
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in Tertiary deposits/' in which he showed that there is con- 
siderable doubt as to some species given in Gabb's list being 
found in both the Chico and the T^Jon formations. Mr. G. 
F. Becker* confirmed the work of Whitney and Gabb, as did 
also later Dr. C A. White. However, neither Mr. Becker's 
party nor Dr. White found any fossils common to the two 
formations. Lately Mr. J. S. Diller and Mr. Stanton have 
found evidence of the unconformity of theTejon on the Chico 
in Oregon and northern California. A doubt therefore arises 
as to whether the conformity of the Chico and the T^jon in 
central California is real or only apparent. 

The most important paper supporting the position of Dr. 
Gabb is that by Dr. C. A. White.f The locality visited by 
Dr. White, where the conformity seems best shown is New 
Idria, in Fresno county, concerning which he writes as follows : 
Although this New Idria sorief^is undprst<K)d to bo practically an un- 
brok»»n one, there is near its middle a recognizable change in the aspect 
of the strata, so that ♦ ♦ ♦ * the upper half diff«*rs from the lower 
half. It is upon this indistinctly definable horizon that Dr. Becker di- 
vided the series into two groups, for the purpose of arranging the results 
of his studies of them. So far as can be determined, this indistinct line 
accords with the necessarily artificial division that has been made of 
the series into the Chico and the T^jon groups, since this series is rec- 
ognized as containing only these two groups, and the line of demarca- 
tion between them, as before shown, cannot be exi)«?cted to be distinct. 
Possils were collected by Dr. Becker's party from vari(»us horizons in 
the series, but in a large jwrtion of it none were found, and those from 
the lower or Chico portion are very few. These latter, however, are of 
oharacteristic types, being species of Ammoniteti, Bavnliteif, Trigonia^ 
J'ruKeramuH, ^ikd. Lima, It is proi)er to mention that in this New Idria 
s**^rie8 of strata no commingling of the Cretaceous species above referred 
t:^o with Tertiary types of fossils was actually observed: but very few 
f 408sils of any kind were obtained at this locality, especially in the lower 
f;»ortion of the series. Still the intimate relation of the Chico and Te- 
Jcjn groups for this particular locality is well shown by the unbroken 
cr liaracter of the series of strata which here constitutes both groups. 

The Chico strata at New Idria, us measured on the ridge 
^"est of San Carlos creek, have an average dip J of about 45®- 



*Hull. U. S. (ieol. Survey, No. 10. 

fHull. IT. S. Geol. Survey. No. 15. 

^The Chico beds in this s<*clion near llx' contaet with tlie nietamor- 
f>hie rocks t<» the south dip at high aiijfles varying from (50^-1)0'^. and lh«' 
*Iif> gradually becomes less going norlli, a wax from the m<'tam<»rphic 
^'*^*H. and upward in the geological horizon. Near th»' contact with ihe 
-* *'j<)n sandstoi>es the dit) is :U)°-tr)^. 
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50' to the north and a vortical thickness of about 5,000 feet. 
The thickness of the Tejon strata cannot be less than 1,000 
feet and is probably much more. The lower portion of the 
Tejon beds consists of white sandstones, sometimes much red- 
dened by iron ox i tie. and overlying the sandstone is a consid- 
erable body of white shale. This shale is beautifully exposed 
on the north side of a canyon which extends in an approxi- 
mately east and west direction, draining west<*rly into San 
Carlos creek. This east and west can^'on was named l)e los 
Reyes canyon. 

The Chico strata contain some conglomerate at the base of 
the series, the pebbles of which are of various rocks, quartz- 
porphyry pebbles being abundant. We did not detect this 
rock in place, however, in the area of older rocks to the south.* 
There are also some dark shales with limest(»ne nodules in 
San T'arlos creek above the New Idria P. O. ; but tawny sand- 
stones comprise the bulk of the Chico strata at New Idria, 
and the line of contact of these tawny sandstones with the 
overlying white sandstones was used as the line of demarca- 
tion between the Chico and Tejon formations on the geologi- 
cal niapf of the New Idria district. The only determinable 
fossils in the C-hico beds, however, came from near the base of 
the series, as stated in the quotation from Dr. White. The 
line of division is therefore an arbitrary one, but it is certain 
that the white sandstone is of Tejon age, since it contains 
characteristic fossils. As stated by Mr. Becker and Dr. Whit«, 
the Chico and Tejon strata at New Idria are apparently con- 
formable, and this is likewise the case at Mount Diablo. J 

The following lists of fossils, collected chiefly by H. W. 
Turner, will aid the future student of the Chico-Tejon series 
there. All of them are from Tejon strata, overljnng with ap- 
parent conformity the (.'hico series: 

7)e Uts Beiies edit yon, — This drains into the canyon of San 
Carlos creek from the east at a point one mile north, by com- 



*Tlie jibmulanco of (|uartz-|H>r|)hyry or quaptz-pori)hyrit<» pebbles in 
lln' conirlomerate of tlie Chico forinalion at New Idria and at Mount Dia- 
bl(». unil in tlie Know ille beds at Knoxville, is rather remarkable, inas- 
much ns no (puirtz-porpliyry was found in phice in the areas of older 
roc'ixs at any of tliese points. 

f Alias aceomimnyinir mono^n-aj^h XIll, V. S. (Jeol. Survey. 

jlUdl. (ieol. Soc. Am., vol. n: H. W. Turner's paper on Mt. Diablo. 



pass, from tlie New Idria Post Oflico. At the time that the 
fossils were collected (1884) a Mexican named l)e los Reyes 
lived at the mouth of the <*anyon, and his name was j^iven to 
the canyon for use in notes. 

Localities KJO-Km Coast Kanjrc collection. These are all i«ear to^ri'ther 
on the north side of I)e los Reyes canyon, about l.SiM) frci northeast <»f 
the mouth. 

Ostrea idriaensis (lABU. Aniauropsis alveala (Con.). 

Neverita jrl<>bt»sa (iAHK. Cardium. undet. cast. 

Kimella canilifera (iABU. Cardiunn c<M)|)eri (iAiUi. 

Cylichnn costala (iAHii. Turritella. rra«rment. 

Mori<)(Sconsia) tuberculatus Meretrix uvasana Co\. 

Uabb. 
Locality 1(57 C. K. is about one nnile upstream from the mouth of the 
CHiivon. The sandstone bjutf here on the north side has curiouslv 
ennled cavilie.s, some <)f which are intiabited bv little owls. 
Amauropsis alveata (Con.). Meretrix uvasana Con. 
I-.ocalities 170 and 171 C. K. are about one and two-thirds miles up 
stream fn)m the mouth of l)e los Keves creek, and about two and a lialf 
miles northeast of the New hlria P. O. The fossils were collected by 
\V. A. KalMJr^'. 

Neverita jrlobosa (iABB. Cylichna costata Uabb. 

Amauropsis alveata (Con.). Mactra sp. undet. 

Cardium ctMiperi (Jabb. Kimella canilifera (iABB. 

Just north of I)e los Rej^es canyon is another canyon ex- 
tending likewise in an easterly to westerly direction. This 
joins San Carlos creek at a point about 1,600 feet north of the 
mouth of De los Reyes creek. 

I>»calitios 1()G, KW and KM). C. I{. coll.. are all close to«rether in this 
canyon and are about 4,.'>(K) feet uj) stream (♦•ast) from the mouth, and 
about two and a third miles N. 25° K. from the New Idria |M)st ottice. 
The strata here dip 'iCP-.'^o toward about N. 50° W. 

(>stn*a idriaensis (iabb. Modiola ornata (jabb. 

P«*cten interradiata (iABB. Lucina? creiacea (iABB. 

About one and a half miles northeast of the New Idria P. 
C, and about 8,500 feet west of San Carlos creek, is a bed of 
dark flinty shale in the Tejon formation. This weathers to 
a buff color. It contains abundant fish scales and spines, and 
one nearly perfect fish about three or four inches long was 
obtained. This is now in the collection of the State Univer- 
sity at Berkeley, ('al. Dark shales, not so much hardened as 
at the above locality, occur along San Carlos creek farther to 
the north, also containing abundant fish scales. None of 
these fish beds have as yet been investigated. 
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AU'it inr-:»- miir* r."rtf*west«rrlr fniin thr Xew Idri» P. 
i* a «-'<•! Fp^ wr.:«'h ha- K-r^n pr«-*j»r^l*^ for r»ial by mean*: o 
n tunriirl. Tr.r f'«'.i •wir-jr f-***:!*. •-••iWiietl within fiftr fttft i» 
the e«»iil ^*-a:ii. rh'»w tl:«r ••••»! I'-r-r --f thr'^inie a^ a» at Moun 

Solen I Hyii-'gtrila » di<f2:«fr>:* Sna!: lame! ti bra neb. undet. 
<tabb. Nrvrrita. sp. iindet. 

The f«»i!i.twinsr f*r*iil Ii«:a'.itir« ar»- :rr'»up«i according t« 
c'»untie- : 

KkL*N'» •••I'M! 

<>5;t-..!- f :•.- N-w \'\r.j». f-**:. *-.^. •. --'. «^-. ch a>- isk-w!*^ id Fivsii— 

Iy--a .:\ :^'. • i: Tw.. ».- —.. -- •. r'.r -f N-w Ii)ri». ••o San rarli*e 
»•>— fc Aj- . • • .'■ . 

Hac..*-* '-r. •*••:.'» * Tk\*E * ••r'*..!* 

P-r>!. Niir";:^. 

Iv<a'.*\ i'*7. « i: K .- P.^j,--:.- ••r^'^»». -a<i "f ih- in«iuth uf Sao <'ar" 
:••* rr*-^*. :i!.': .** »'.-r*- *:■.- •.•r*-^ >«.-^ :fi»- hiil*- anil -Di»*rs ihe i»laini 
• f th*- Sar. J '^^1 . :. vm... . Aj-. pr •^a'•>!y !a:rr ih.aii Tej«Ha. 
P»-**>f;. *{■. ■.••;-• FSr. -«.•»:->. 

I^rjTa!.r.;i :»r.il ••".r— r f-ranr..r.:f-ru 
I^iC^iin W«. « ■ K \\\ a ••r— s i*.i" — J Mrv Arr#vii iro \Vhitii»-v*s si 
rni!»-> ii. :•;- irj'-r. xaj- T.iS cr»-^K r ii.^ |«araW-I !•■ San Carlos civf 
aDfl »?>.»..: Tw-» !•■ •:;r»— m:.--' --»''• ■ f :*. Th*- '•.<'a:it> is >ix mil*^ rasi t-^ 
n**rth f^•m N-w Ii?r:.i M. •-■-!.- ■•? !.t!»-r. 
N'lc list. !•?»>•:» ^.\ N ra*:r*-f.^i^ HiM>» 

Sa3c Bemtk ri.ii-jrry. 
I><a::T> 1 7>. «". K. or. Th- r.«i*:- *>-tw—- n San Hartf»la ci>i*»k and \Y^ 
San B-rr.*»- r:v-r. :ir.«i v-r: m:!-* -•^rhw--*: ."f N-w liiria. Ak»-, |in>babL 
Mi«i«--L- 

Arrst Mar:ra. 

Til- ^itzii" **r-iVt :»r»- ••\i>'<>»-«i ..ri S-tii liarT^'la cr»-^k. 
Iv^a;:*;. \\C%.i K >,-,!, i;^r: !•■ r:v- r. fi-ar lb- 4Wh milt* |«*t fro 
H<.t:l>:-r. '.x\.*', x'* ■]' :».->.- m- "^ ^^ \'.r. "* w-m fr»»ni N-w Idria. Chi 
jr»'iip. 

< "♦ • ra .«.■;: t n^. ;•. - . r«; ' : t * : W h IT K W-;i t r. - r» 1 1 f r*:: m»-n l>. |»n fbabl y 

!>•«.-;»;:•. : • . « . K. W.".' .j; ., ..f •'•■- s,iT; lU'ji'.i riv»-r. near ihr 37* 
TTi.." f-"»* v -.- H . **-r. .ir.'i ••.•^■■:' f -ir ni;.'" '-".iTi'-.i'it 'if San Benit *- 
• r;": ■ • - ;. I'T-'-t-x''} M «•• :• "r :%'-t. 

Iv'i. • ■,"••.' :: I'; '•;•.• ••::■• ^.%r 'i^*-!:- .!i »h»- SanB»*ni«- 
:•••-.• - •' '.. • .: ".* : -■-■ .-: :r n. * • P-irk mi!I>. Atr*- 
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Covr, is a bed of conglomerate forming? part of the Wallala beds* (Cre- 
taceous). In this conglomerate was found a Turritella that may belong 
!o T. seriatim-granulata Gabb (not Hoemek). 

Lake county. 

lA>cality .*J58, C. Ji- About seven miles northeast of Mt. St. Helena 
and about two miles southwest of Rovind Valley, near a branch of Huck- 
snort creek, is a small area of little altered beds, which contain iKK)rly 
preserved fossils. Mr. Stanton considers the beds of Cretaceous age, 
but is uncertain as to the exact horizon. 

Maclra (Cym!>ophora) ashbur- Helic<)ceras breweri Gabb ? 

neri Gabb ;r Ammonites, a fragment of a 

Caryatis nitida (i.\BB ? young sjH'cimen, |K>ssibly A. 

Solemya ? sp. undet. breweri (iABB. 

Locality 35, C. K. Soulh side of Cache creek, about one mile east of 
Lower Lake village. 

Crassatella uvasana Conrad Leda, sp. undet. 

(Tejon group). Xatica, sp. undet. 

The following are from the same series of beds as 3o C. R., and are 
from Herndon creek, near Lower T^ake: 

Cucullfea mathewsonii Gabb. Turritella ? 

Crassatella, sp. undet. 

Yolo county. 

Along Oat creek, just west of the alliiviora of the Sacra- 
mento valley, are a series of low hills, composed of little 
consolidated material, which are interesting since they contain 
vertebrate remains and other fossils. The locality is near 
Black's station on the railroad to Colusa. The place was vis- 
ited by the writer some years since and some of the fossils 
collected. A|i elk antler three and one-third feet in length, 
pine cones, decomposed wood of more than one sort, a tooth, 
and some shells, were found in place. 

The shells were referred to Dr. W. H. Dall, of Washington, 
I). C, who reported upon them as follows : 

The fossils from Oat creek, Yolo county. California, comprise: 
Planorbis trivolvis Say. Planorbis parvus Say. 

Anodonla sp. ?; fragments, probably A. fluviatilis L. 

They are not characteristic of age; might be anything from Pliocene 
to Recent, and are all found living in the same region. 

In the higher hills west of these early Pleistocene strata, 
silicified wood and fossil bones are said to occur. A large 
tooth and some large bones, probably of a mastodon, were 
found in the bed of Oat creek; but whether they came from 
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the low Pleistocene hills or from the probably Pliocene hills 
containing silicitied wood, was not determined. 

Fossil bones are also said to occur along Bird creek, north 
of Oat creek and to the west of Dunnigan's station. 



GROWTH OF KNOWLEDGE CONCERNING THE 

TEXAS CRETACEOUS. 

By Ji.LES Marcoi", Cambridge. Mass. 

In a paper by Mr. R. T. Hill entitled ''Geology of parts of 
Texas, Indian Territory and Arkansas adjacent to Red River" 
(Bull. Gcol, Sor, America, vol. 5, pp. 297-338, Rochester, May^ 
1894), there is an attempt to show *'the progressive evolution 
of knowledge concerning the Cretaceous formation of Texas," 
and at the same time the author gives what he calls his 
"final classification of their succession and nomenclature" (p. 
316) in a table culled '^Progressive Development of Knowl- 
edge of the Texas Cretaceous" (p. 317). 

The views expressed by Mr. Hill need many corrections, ad- 
ditions and suppressions to show truly with exactness the 
evolution of knowledge of Texas Cretaceous. I have elsewhere 
given repeatedly my appreciation of the work done by Mr. 
Ilill in Texas and Arkansas; that he means well, there is no 
doubt; that he has the talent to make good stratigraphical 
observations is undeniable ; but somehow he does not always 
give credit where credit is due, and is inclined too often to 
pass unnoticed over the observations and criticisms which in- 
terfere more or less with his preconceived views. Mr. Hill is 
generally obscure and unsteady in iiis descriptions, conclu- 
sions and classifications, seeming to have no conception of 
ditferent./Vf<'/e.v for tile same group of rocks, which leads him 
to create subdivisions neither wanted nor truly real. With 
these reserves and remarks 1 will point out the corrections 
and additions necessary to show the evolution of knowledge 
of Texas Cretaceous. 

Ferdinand Roemer is the first geologist who worked at 
Texas geology. He* canu' into Texas at the end of 1845, dur- 
ing the month of December, and left it in April, 1847. In 1849 
he published iiis volume of travel (Texas, 8vo, Bonn), con- 
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taining a chapter "Gesteine der Kreideformation,'YPP» 378- 
387, and a •'Geognostische Karte von Texas'' ; and in 1852 he 
completed his publication by the issue of a quarto volume, 
Die Kreidebildiingen von Texas irnd ihre organischeu Einsch- 
If'tsse, Bonn. On page 25 of the last work he gives his conclu- 
sions and general section of the Cretaceous strata of Texas as 
follows: (1) The Cretaceous formation is composed exclu- 
sively of limestone. (2) In the plains at the foot of the 
Texas plateaus the Cretaceous strata are composed of white 
limestone, more or less marly, of small thickness ; while on 
the plateaus the rocks are very thick, hard limestone, alter- 
nating with beds of silex and marls. (3) The Cretaceous of 
Texas belongs in totality to the deposits posterior to the 
Gault and corresponds to the White chalk (etage Senonien, 
d'Orbigny) and the upper part of the Chloritic chalk (etage 
Turonien, d'Orbigny). 

Koemer does not seem to have seen anywhere the superpo- 
sition of his two groups of Cretaceous rocks, called by him 
<Jretaceous of the plains (the Cretaceous at foot of highlands, 
c>f Hill) and Cretaceous of the plateaus (( -retaceous of high- 
lands, of Hill), although he inclined toward the idea that the 
crhalk of the plains is older than the chalk of the plateaus, a 
r-ather grave error. On his geological map Roemer colors, as 
Cretaceous, parts of Texas which do not contain Cretaceous 
m-ocks, but are covered by the Carboniferous, the Dyas, the 
Trias, and the Jura; the three last great formations having 
^»utirely escaped his researches. 

In 1852, Dr. G. G. Shumard accompanied, as a surgeon and 
naturalist, Capt. R. B. Marcy, in an "Exploration of the Red 
river of Louisiana." lie repeated the conclusions of Roemer 
in regard the Cretaceous formation of Texas, referring it to 
the Ktarje Senonien d'Orbigny. 

In 1853, I explored the 35th parallel of latitude, with Lieut. 
A. W. Whipple's expedition, for a Pacific railroad survey. 
In my two reports, printed in 1855, and dated July and Sep- 
tember 1854, in House Documents 129, Washington, I recog- 
nized the Neocomian at Comet creek. Fort Washita, and on 
the Elm fork of the Trinity river, showing for the first time 
in North America the existence of the Lower Cretaceous as 
in Europe. I developed my observations and r)ublished sev- 
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frra! ^ r«rrac>r*'»'j- f'>^»i!». wiiL ih»-:r rXA^ft p->«!ti«»n in the strat- 
igr<aphi'^ai w-al*'. and alT^** a g^rierftL g^*l*>ei<^Ai map. besides 
H d»-laiied a:«r*»I»*2i»*al aaip ««f a |.«»rt vf Nrw Mexico and the 
••panhandlr" **i a«»rthwiritem Texa*. in mT quarts* volume, <Jr>o^ 
''5'5' ''/ -V '>/-''* . I »#-.•. •*>^ I Zurich. Switzerland. 1^5S). These 
ar»r mr c«»n'*I'i'i'i'.'n*: -I ha\>r "S-ren and studied the strata of 
ine l'pl>*-r Grt-r n-^nd and iht: Marly <. ha!k in the bed of Lit- 
tle riv»-r. onr **i th*- alKuenl* 'if the Canadian, and alsi^ on the 
EIra f«»rk of Trinity river: furiht-r. I have recognized the 
Ne«K-oniian re*iintr in di?4-ordant :!>t ratification on the Neur 
Reil •and-iton*' on the Wfi bank of the False Washita, near 
^>»niet creek: and. finaliv. I have f»>und in the beds of white 
?*and*tont' and j^rav marl of the environs of Albuquerque and 
Galisteo. New Mexico, fi»s?iil> that have led me to consider 
those strata as the e^^uivalents lif the White chalk of Europe/' 
In my paper : **R«'Sumf* explicatif d'une Carte geologique des 
Etats-L'nis et des Provinces anglaise de IWmerique du Nord" 
i lint I, Sor, frf4,f. Fi*»nr^, 2d scrics, vol. XII. p. H83. Parls, May. 
1>*55). I gave a long description of the Cretaceous <»f Texas, 
with lists of fossils and correlations with the great European 
formations of ( 1 > the Nef»comian, ( 2 ) the Greensand and 
Marly chalk, and (8 » the White chalk. That classification 
and dis4'overy was a great step toward a rational and exact 
definition of the < 'retaceous rocks of Texas, and it gave posi- 
tive knowledge in^^tead of the very vague and erroneous gen- 
eralities r>f Rr>emer. 

Hut my ribservations. instead of being accepted and used 
for further improvement of our knowledge of the Texas Cre- 
taceruis. were on the contrary op|>osed systematically; and 
the first geological survey of Texas, instituted in August, 
l>ii)^. under the directif»n of Dr. Benjamin F. Shumard, pro- 
j)r»se<L in IsOO, a <-lassitication of the Cretaceous strata of 
Texas, so extraordinarily erroneous that it became a matter 
of duty to science to criticise and rearrange the section given 
hv Shumard as the standard of the classification of Texas 
Cretaceous. I did it in IHOI. under the title, "Notes on the 
Cretaeeous and Carboniferous n»cks of Texas" ( Proc.,*Boston 
Soc. Nat. Hist., vol. viii. pp. SO-97). 

In Mr. \l\\\'< ta!)le, my classification of 1H53-58 is passed 
r»ver entirely, and 1 am placed after Dr. Shumard's work of 
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1860, just as though what I had done several years before Dr. 
Shumard came to Texas did not exist. My answer to Shum- 
ard was only in order to maintain my classification and dis- 
coveries of 1853, and to try to put a little order in one of the 
most confused and erroneous sections of strata ever published. 

I shall not refer to the geological report of the United 
States and Mexican Boundary commission, in which Mr. 
James Hall declared that the entire Cretaceous strata of 
Texas were the prolongation and representatives of his Ne- 
braska section Nos. 1, 2 and 3, tfiat is, the Dakota, Fort Ben- 
ton and Niobrara formations. 

In 1886 Mr. Hill began to classify the strata of a part of 
Texas, between Fredericksburg, Austin, and the southwestern 
side of Arkansas. I was glad to see that he did not fall into- 
the great mistakes made by Roemer, the two Shumards, and 
James Hall. His report on **The Neozoic geology of south- 
western Arkansas," published in 1888, showed me that he 
mistook the division called by him Trinity, as belonging to 
the Cretaceous, when it is plainly a Jurassic group of strata, 
containing a Jurassic fauna, without any mixture whatever of 
Cretaceous forms. I revised his whole list of fossils and 
proved that his Trinity division of Texas and Arkansas be- 
longs to the Jura (''Jura, Neocomian, and Chalk of Arkansas,'' 
in the American Geologist, Dec, 1889, pp. 357-367). Mr. Hill 
has never paid any attention to my paper; and, without tak- 
ing the trouble to refute my determination of his fossils, he 
has continued to place his Trinity division in the Lower Cre- 
taceous. Not knowing personally any part of Texas except 
the northwest corner of the state, I was inclined at first to ac- 
cept the classification and synchronism of Mr. Hill, believing 
that he possessed sufficient ability to give with exactness all 
the details of the formation. Only I was badly impressed by 
his frequent changes for the subdivisions of the Lower Creta- 
ceous, and thought that he had placed too high the horizon of 
what I have called "the Gryphwa pitcheri zone or limestone of 
Comet creek," which for me is, with the '*Caprina limestone," 
the lowest bed of the Neocomian or Lower Cretaceous of 
Texas. 

Now I have no doubt that he has made serious mistakes in 
regard to half of his Lower Cretaceous or Comanche series,. 
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as he sometimes calls it. The "Caprina limestone" cannot be 
separated from the '''Gryj/hofu pitcheri limestone" at Comet 
creek and is the basal bed of the Lower Cretaceous. All the 
strata below do not belong to the Cretaceous, but to the Jura 
or New Red sandstone. There is a great break of the strata, 
with a complete change of geographical distribution in north- 
ern Texas between the group of strata containing the Capro- 
tina texana Rocm. and the Gryphwa roemeri Marc, (formerly 
called by Roemer and Marcou the Gvyjifiwa pitcheri) HndyrhHt 
has been called by Mr. Hill the Fredericksburg and Trinity 
divisions, and by me at the Tucuracari area the Jurassic- 
formation of North America. 

The subdivision introduced at different times in the Fred- 
ericksburg seems to be local, simply different fades of the 
upper part of the Trinity. Correlations between the Jurassic 
strata of the Tucumcari and the Trinity and Fredericksburg 
divisions have not yet been established. It is a good field to 
work in. The fauna of the upper part of the Jurassic strata 
of Pyramid Mount at the Tucumcari, thanks to the collection 
made there in 1889 by Prof. A. Hyatt, is now well known; 
and with such characteristic fossils as Gryphma dilatata^ var. 
tucnmcarii and Ammonites befknajtii, it must be easy to define 
with exactness and distinguish in Texas the Jura and the 
Neocoraian. All the strata that exist below the zone of 
Gryphwa tncumcarii and Ammonites shitmardi, and that zone 
itself, are older than the Cretaceous system and belong to the 
Jurassic S3'stem. All the strata above, containing Caprotina 
texana and Grt/pha'O roemeri (formerly the Grtf2}ha'a pitcheri 
of Roemer and Marcou), belong to the Cretaceous. The Lower 
Cretaceous in Texas is composed of what Mr. Hill calls 
the Washita division (including in ithis'*Caprina limestone") 
and is what I have called, since 1853, the American Neocomian. 

One word more, about a question of priority which seems 
to have escaped Mr. Hill, although I have privately called his 
attention to it. Mr. Hill refers the species described and fig- 
tired by Roemer, in 1852, and by me in 1855-58, under the 
name of Grt/phaa pitcheri to a species figured twenty-five 
years later, in 1880, by Dr. C. A. White under the name Gry- 
phiia fornicnUifa, as a new species, confounded before with the 
O. pitcheri, Roemer made the mistake to refer a Grypho'ft 
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that he had found abundantly in the vicinity of New Braun- 
feld, to the G. pitcheri of Morton. As he had the opportunity 
to show his specimens, when passing through Philadelphia in 
1847, to Dr. S. Morton, I thought he was right, and, following 
in his steps, I called the Gryphma found by me in such abund- 
ance at Fort Washita and at Comet creek Gryphata pitcheri oi 
Roemer and Morton. When endless discussions, started by 
Messrs. James Hall, Shumard, Meek, and Gabb, on the iden- 
tification of Texas Gryphwa^ all referred by them to the typi- 
cal G. pitcheri^ showed plainly that mistakes had been made 
all around, in order to keep intact my observations at Comet 
creek, I took care to print in a foot-note of my paper, "Notes 
on the Cretaceous and Carboniferous rocks of Texas" (Proc, 
Boston Soc. Nat. History, vol. viii, January, 1861, p. 96), 
the following remark : "Thus we shall have three species of 
Gryphwa : 1, the G. tucumcarii of the Jurassic rocks of Pyra- 
mid Mount (New Mexico) ; 2, the false G, pitcheri of Roemer 
and Marcou, or the false G, pitcheri war, vavia of Conrad and 
Hall, of the Cretaceous rocks of the False Washita river 
(Texas), which may be called G, roemeri in honor of its first 
discoverer, Mr. F. Roemer ; and 3, the true G, pitcheri Mor- 
ton . . . . " 

It is evident from that quotation that Dr. C. A. White 
ought to have called the Gryphcea pitcheri of Roemer, 
Gryph(ta roemeri; and that his name of G, forniculata can- 
not be accepted, according to rules of priority. American 
paleontology has been saddled with such numbers of incor- 
rect determinations of Mesozoic fossils, that if we do not re- 
turn to the question of priority, as an immutable rule, then 
nothing is left but fancy and consequently inextricable and 
systematic confusions. Happily, I have given such excellent 
figures of the Grypha^a found by me at Comet creek, drawn 
by the great fossil artist, Hubert, that doubt is not possible. 
After calling it in 1854 and 1858 Gryphaa pitcheri, I did not 
hesitate, as far back as 1861, to say that it was a new species 
which I called then Gryphita roemeri, a determination fully 
justified since by every observer. Consequently Exoyyra 
forniculata White, not Gryphata as Mr. Hill says by mistake, 
has to go into synonymy and be dropped. 

The accompaning table of the growth of knowledge of the 
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Texas Cretaceous is clear enough without explanation. It 
differs mainly from the table published by Mr. Hill in group- 
ing the Caprina limestone of his Fredericksburg division with 
the Washita division, and in the addition of the Jurassic 
formation in Texas. I shall publish, by and by, a history of 
the Texas Jura. 



GEOLOGICAL AND TOPOGRAPHICAL FEATURES 
OF THE REGION ABOUT ATLANTA, 

GEORGIA. 

By Chester Wells Purington. Boston. Mass. 
(Platk IV.) 

During the past winter opportunity came tome, while in 
the vicinity of Atlanta, Georgia, to make a few observations 
on geological features of the region which appear to deserve 
notice. 

As may be seen, by reference to the accompanying map, 
formingiigure 1, plate iv,* central Georgia is a region of crys- 
talline rocks, gneisses and schists for the most part, in con- 
tact on the northwest with Paleozoic rocks, and overlain on 
the southeast by the superimposed beds of the Cretaceous and 
Tertiary. Although little has yet been done in the way of 
attempting to correlate this area with others, it is safe to say 
that these gneisses and schists are of Archean age, in the 
broader use of the term. Indeed, it is probable that the rocks 
about Atlanta belong to that limited and lowest division of 
geologic time to which the more restricted term Archean has 
recently been applied. 

The region is one where much erosion has taken place, and 
the red clays and soils resulting from the disintegration of the 
rock lie undisturbed over the gneiss. The red soils are famil- 
iar to all who have been in the southern Appalachians. They 
have been well described by Russell. f The products of decay 
are in some places fifty feet thick, as can be well seen in deep 

♦Prepared from the bulh'tins of tlic l'nit»Ml Stati's Groloffical Survey, 
rontainin/^ the correlation papers of tlie Archean, Cretaceous, Eocene, 
and Neocene; and from Prof. .1. AV. Spencer's rei)ort on the Paleozoic 
jfroup of (ieorgia. 

•fSubat?rial decay of rocks, and th»' origin of the red color of ci»rtain 
formations; bv Israel Took llussell. Bulletin 52, I'. S. (»eol. Survey. 
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railroad cuts. Prof. Russell says that this weathering extends, 
in some cases to a depth of one hundred feet, but I saw none 
which went so deep in this area. So ditferent in appearance 
are these red beds from the unweathered rock, that I at first 
took them to be the representatives of a superimposed 
formation of clays. But on closer examination, the similarity 
in strike and dip of the clay and of the underlying rock, the 
occurrence in the clay beds of parallel mica plates and other 
minerals of the gneiss, and the continuity of quartz veins 
through the rock and the overlying soils, convinced me that 
the clay was but the weathered phase of the rock. 

It is my purpose to describe a few peculiar topographic 
forms brought about by the long-continued action of the at- 
mosphere on the formation under consideration. The gen- 
eral dip of the rock is to the southeast, but many local folds 
occur of considerable extent. In many places, especially on 
the sides of the low hills, the weathered material has been re- 
moved, leaving large, bare outcrops of rock. These outcrops 
are of two kinds, ( 1 ) flat areas, sometimes several acres in 
extent, and (2) smaller masses which project from the ground 
with the dip of the rock-bed. These projecting ledges are in 
some cases 10 feet long, are from 5 to 15 feet broad, and have 
a thickness of 4 or 5 feet. The average dip of the formation, 
and consequently of the ledges, is about 40°, although it is 
sometimes nearly vertical. > In the case of a small fold, near 
Austell, an anticline plunging to the northeast, it was possi- 
ble, in a ploughed field a half mile in extent, to trace the turn- 
ing of the strike from southeast, through east, northeast, and 
north, and this all from one point of view, by means of eight 
of the projecting ledges arranged in a long curving line. 

By the examination of the contoured maps, Atlanta and 
Marietta sheets of the United States Geological Survey, it 
will be seen that this region shows the general characteristics 
of a dissected peneplain, the upland sloping gently t^)ward 
the southeast, having an average higlit above sea level of 
1,000 feet on its northwestern edge, and 750 feet on the south- 
eastern. On a very small scale, a section crossing this area 
and continuing to the sea is shown in figure 2, plate iv. 
The surface is a rolling hill country in which the streams run 
in two well defined directions. The Chattahoochee follows the 
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longitudinal trend of the Appalachian folds, in a southwest 
direction ; while a number of smaller streams, farther east, 
flow southeast, in accordance with the slope of the peneplain. 
Hayes and Campbell, in a recent paper,* have traced out the 
development of the separate Cretaceous and Tertiary pene- 
plains in the southern Appalachians, and have stated that the 
region of central Georgia is that of least differentiation be- 
tween the two. According to this, the denudation of the pene- 
plain is the joint product of Cretaceous and Tertiary time, 
and its dissection must be chiefly referred to late or post- 
Tertiary agencies. 

The maps, however, show that certain parts of the area 
have not submitted to the general base-levelling process. 
The most noticeable examples of these extra-resistant masses 
are Kenesaw and Lost mountains and Stone mountain. The 
two first are near Marietta, and the latter is about sixteen 
miles east of Atlanta. The two first mentioned have their 
hmger axes in the direction of the prevailing folds. Kenesaw 
mountain is a great monocline, its beds of gneiss having a 
general dip to the southeast of 40°. Lost mountain I have 
not examined, but its structure is probably not different. 

In looking at Stone mountain on the map, one is surprised, 
at the first glance, to see that its longer axis lies in a direc- 
tion at right angles to the strike of the crystalline schists. 
In a geomorphological sense, all these elevations. Lost, Kene- 
saw, and Stone mountains, can be classed under the head of 
monadnocks,f but while Kenesaw is only a massing of ex- 
tremely resistant beds of the country rock. Stone mountain 
must be different. 

The first view of Stone mountain from the train fixes it as 
an object worthy of notice. On a near approach, its shape, 
that of an immense dome, its abrupt and towering hight, its 
steep sides of solid rock, bare of all soil and vegetation, and 
streaked b}' the rain with long white lines, make it a truly 
remarkable sight. The mass rises directly from the surround- 
ing gneiss, and n(» talus encum!)ers the base. It is composed 

*(i«M»m<>rphol(>jr\ of the Southern Apimlaclnans. bv (\ W. Hay«»s and 
Mai'iiis K, ('ampbcll. Nat. (iroirraphie Majrazint'. Slay '2.\\, 18!M. 

\\ Xi'vm suijir.'^tiNl by VvM. \W M. D.ivis. in affusion to Monadntx-k 
mountain in Xi-w IIanii)shin-, and usod by M«'ssrs. Hay«'s and Cimpbrll 
in tbt' pafiT r«*fcrn'd to abovi'. 
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of a fine-grained, gray muscovite-granite, homogeneous 
throughout, and appears to be, as far as can be judged from 
its present features, an eruptive plutonic body, a true lacco- 
lite. The only variation from the even fineness of crystalliza- 
tion is the presence of crystals of tourmaline porphyritically 
developed, and intergrown with other minerals. These crys- 
tals are usually an inch and a half in length. They do not 
occur at a distance of more than three feet down from the 
surface of the granite, as I was able to observe in the exten- 
sive quarries now being worked upon the mountain. 

Since tourmaline is a mineral whose presence in granite 
usually denotes a contact with other rock, the presence here 
of crystals of tourmaline near the surface, and nowhere else, 
is evidence in favor of two things: (1) That Stone mountain 
has been covered with beds of rock, probably with gneiss like 
that which surrounds it. The holocrystalline nature of the 
stone itself bears out this theory. (2) That, although the 
cover has been removed, little of the granite has been eroded. 
Indeed, I think it probable that the shape of the mass has 
been but little changed since the granite cooled. Hence it 
may be referred to as a stripped laccolitic mass. The moun- 
tain reaches two and a half miles in its long diameter, and 
nearly a mile in its shorter one. The slope of the sides varies 
from 30° on its southeast side to as high as 70^ on the north- 
east. A granite mass similar to Stone mountain, but much 
smaller, comes up through the plain twelve miles to the south- 
east. 

The difference in structure between Kenesaw and Stone- 
mountains is roughl}'' shown in the accompanying cross-sec- 
tions (figures 3 and 4, plate iv). 



EDITORIAL COMMENT. 



The (.'oLi mbiax Exposition. 

Sohtt sjtei'i(fl State exhittits of the crifstalline rocks. 

Of the New England States Massachusetts excelled, althougl 

Conneeticu': and Maine also had suites of dressed granit^^ 

cubes four inches on the edge, the labels of the latter ex pres*^ — 
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ing where and what buildings have been erected of the various 
granites exhibited, a feature which was not seen on any other 
similar exhibit. The most interesting portion of the Massa- 
chusetts exhibit was in the gallery of the Mines and Mining 
building. It was collected b}- Dr. W. H. Hobbs, C. L. Whittle 
and Geo. E. Ladd, and displayed many interesting rock struc- 
tures as well as a large number of minerals. There were many 
fine samples of margarite, with its divergent cleavage plates, 
of steatite, with its wavy or step-ladder structure. Margarite, 
chloritoid and emery were from Chester, the steatite from 
Bland ford. 

A polished slab of mica schist, from Great Barrington, 
loaned by Dr. Hobbs, illustrated the formation of a secondary 
"banding" transverse to the sedimentary structure. This, 
however, is hardly a banding, but a schistosity, although it 
has been mistaken for a sedimentary structure by several 
geologists. This is the same slab as that used to illustrate 
Dr. Hobbs' paper on this subject in the Bulletin of the Geo- 
logical Society of America (vol. iii, p. 460). A mica schist con- 
glomerate, from near the base of the Taconic, from the Hoosac 
tunnel, contained pebbles of granite and gneiss, and illustra- 
ted the manner in which the old fragmentals approximate the 
petrographic characters of a true crystalline rock. There was 
also a very nice polished slab of lilac and iridescent scapolite 
from Bolton. This is associated in a limestone with a variety 
of minerals, such as diopside, beryl, nuttallite, ett*. By Dr. 
Wolff the conglomerate has been found to pass into gneiss, 
the pebbles having a micaceous matrix. 

A building stone that has acquired some notoriety was ex- 
hibited from Somerville. This is a decomposing diabase. 
Prof. N. S. Shaler protested against its going into "memorial 
hall," Cambridge, and prevented it. The owners, who lost the 
contract, brought suit against him for "defamation of prop- 
erty," but as there was no difficulty in proving that the rock 
is subject to rapid disintegration and has decayed to the 
depth of twenty feet along the joint planes, they recovered 
no damages. This stone has, however, lately been used in the 
foundations of Hastings hall. This collection demonstrated 
the superior qualifications of practical geologists in getting 
together such exhibits. It was not wholly "industrial," but 
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rather educational and scientific. Too many of the Btate ex- 
hibits were prepared by gentlemen who cared only for the 
economic interests involved, and they got together large quan- 
tities of various ores which confronted the visitor on every 
side nd mmseavt. 

Adjoining the Massachusetts mineral exhibit was that of 
New York, which had ail the variety and volume which might 
be expected from that stat«. One of the most striking object* 
here was a case of green fluorite from McComb, St. Lawrence 
county. In the collections of the New York State Cabinet 
was an obelisk made up under the direction of Mr. F. J. H. 
Merrill, consisting of cut blocks from all the formations of the 
state, taken from quarries or other sections. It was thirty 
feet high and four feet square at the base. The cap and top 
course were of trap and Triassic sandstone, and the base of 
Archean granites and gneisses. The four sides of the column 
showed the occurrence of the formations in the respective 
quarters of the state, each formation being represented by one 
or more courses, according to its relative thickness. Above 
the Archean was the "Cambrian," which was divided into 
Georgian and Acadian, the Georgian being the thickest for- 
mation represented in the column, having six courses. The 
Acadian had two. The Hudson River, including the Utica 
slate, had five courses. The Potsdam was put at the base of 
the Lower Silurian and had one course. It did not cover the 
Calciferous, which also had one course. 

Tlie magnetic iron ores from Orange, Essex and St. Law- 
rence counties. New York, and the Clinton red hematite were 
well represented; while in the gallery were 102 four-inch pol- 
ished cubes of the granites and other cr^'stalline building 
st(»nes. 

The Michigan exhibit ot* crystalline rocks was under the 
direction of Hon. Peter White, of Marquette, assisted by Jul- 
ius Roper and by others. Here was a drawing showing the 
geological succession through the iron districts of the Ish- 
peniing basin, a distance north and south of over seven miles. 
This brought out the structural relations of the ore deposits 
and of the associated rocks. The formations concerned were 
represented by oO or 00 rock samples. This was made by 
Julius Roper. There were also 720 specimens of the Archean 
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rocks, accompanied by a manuscript descriptive list, and a 
general account of the various ore basins represented in Mar- 
quette county. It seemed a great mistake that this was not 
put into print for the use of visitors, as it was a key to the 
whole exhibit. From the copper mines there was a large dis- 
pla3\ The largest mass of native copper on exhibit was from 
the Central mine, Keweenaw county, and weighed 8,500 lbs. 
Another had a weight of 6,200 lbs. Two samples of hematite, 
from the Republic mine, together weighed 10,375 lbs. and 
were accompanied by the following analysis, showing their 

average composition : 

Metallic iron (J8.050 

Silica 1 . l.>0 

Phosphorus 040 

Alumina 1)1)8 

Majrnesia 072 

Lime 127 

Manganese 022 

Sulphur Om 

Orj^anic and volatile 21)0 

There was also an admirably constructed section of the 
Cleveland Cliffs Iron Company's Lake mine, Ishpeming, made 
in the actual material, showing three levels, and another of 
the Clitfs Shaft mine. These exhibited the general relations 
of the ore to the depth of 500 feet, and a horizontal width of 
750 feet. Their dimensions were 12 feet high and 18 feet by 
18 feet horizontal. Another section illustrated the formation 
east and west of the Calumet lode, exhibited by the Calumet 
and Hecla Company. There was also a fine display of verd 
antique and serpentine marble from the region west of Ishpe- 
ming. 

Wisconsin exhibited, besides granites and various kinds of 
building materials, the iron ores of the Penokee range. A 
large piece of metallic (float) copper was exhibited, found in 
Jefferson county, having a weight of 1,800 lbs. The most 
striking object in the Wisconsin exhibit were the four mono- 
liths of lake Superior red sandstone standing at the four cor- 
ners of the pavilion. 

Minnesota had an exhibit of the iron ores of the state, and 
a series of rock samples from the crystalline rocks, prepared 
by the state survey. There was also a model of the great 
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Chandler mine at Ely, which has produced more iron ore, for 
the time it has been operated, than any other mine in the 
world. 

In the South Dakota exhibit was a natural section of the 
Homestake gold mine, at Lead City. This is the largest gold 
mine in the United States, employing 1,800 men. The section 
consisted of a perpendicular column of seven blocks of rock 
taken from the mine at intervals of 100 feet, showing the 
distribution of the ore in the rock. The cheapness of the 
smelting allows a good profit on the very low grade ore which 
is taken out. It has an average of $3.75 per ton, varying from 
$1.00 to $25.00 per ton, the annual output being about $4,- 
000,000. 

The crystalline rocks of Missouri were illustrated by 200 
hand specimens, collected by Messrs. Haworth and Lonsdale, 
of the Geological Survey, and by dressed blocks of granite 
from the granite companies. The specular ores were also ex- 
hibited by specimens. The Archean area of the state was 
shown by a relief map covering an area of 250 square miles, 
the horizontal scale being 1 :48,000: vertical 1:24,000. This 
area rises 1,500 feet above the sea. The line of the limestone 
areas surrounding it is 500-600 feet above the sea. The Ar- 
chean therefore rises from 900-1200 feet above the adjacent 
Cambrian areas, and about six square miles of this reaches 
1,800 feet above the sea. The rocks represented do not seem 
to belong to the true Archean, but resemble more in tout en- 
semble the crystalline rocks of the Norian. 

Other exhibits of crystalline rocks and associated minerals 
were seen from New Jersey, North and South Carolina and 
other states, but tiie writer happened to visit them when they 
were closed. 

Ward's systematic rock eollection in the gallery of the 
Mining building, was by far superior to anything else of its 
kind seen in the exposition. This contained several thousand 
specimens dressed regularly to museum size, from all parts of 
the world. There was ^'petrosilex'' from Danneraora, Sweden, 
appearing like the jaspilyte of Minnesota. There was every 
variet}' of volcanic rock as well as plutonic, including "quartz- 
porphyry tufa," from Zeiskywald, Riichlitz and Wiesa, Sax- 
ony, and volcanic bombs two feet in diameter from Monte 
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Somma, Italy, Auvergne, France, and from New Zealand, 
These are lenticular generally, but some are much elongated. 

N. H. w. 
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TttrlftJi Annual Report of tJie United St at en Geological Survey to the See- 

^etary of the Interior, ISOO-'Ol. By .1. W. Powell, Director. Part I. 

<jieoloj^': pp. xiii 075, with 53 plates, and 81 figures in the t^xt. Part II. 

irrigation; pp. xviii, 570, with plates 54-140, and figures 81-270 in the 

text. Washington, 1891. 

These valuable large volumes reporting the progress of our national 
.survey during the fiscal year ending June 30, 1891, were distributed to 
colleges and universities, public libraries, and the working geologists of 
the country, nearly three years after that date, although bearing the 
imprint of 1891. In the first volume the director's annual report and 
the administrative reports of the chiefs of divisions of the survey form 
210 pages. These are accompanied by four geological papers,, as re- 
viewed in the following pages, forming the remainder of this volume. 
The second, devoted to the surveys and plans for the improvement of 
the arid lands of the western half of the I'nited States by irrigation, 
contains three reports: first, uiK)n the location and survey of reservoir 
sites, by A. H. Thompson, comprising 212 pages, with four plates and 
142 figures; second. Hydrography of the arid regions, by F. H. Newell, 
149 pages, with 49 plates and seven figures: and third. Irrigation in 
India, by Herbert M. Wil.hon, HH) i)ages, with 40 jilates and 41 figures. 

In toiK)graphic, geologic. paleontoh>gic, chemical and physical work, 
compilation of statistics of mineral i)roducts, the departments of eli- 
^raving and printing, the library, and disbursements, thirty-two sum- 
mary reports of the i)rogress of the survey are presented. 

Up to date of June 30, 1891, the number of topographic sheets of the 
United Slates atlas which had been engraved was 473. comprising about 
481.000 scpiare miles. These sheets are (»n three difi'erent scales, accord- 
ing to the characl«»r of the country, the proj^rtion of jiopulation, and 
tht» importance of geologic features to be noted. Thus. 177 sheets have the 
scale of 1:02.500, or about one mile to an inch, usually with contour in- 
tervals of 20 feet, these being mostly in the New Kngland and Atlantic 
states .south to the Potomac river: 237 sheets are on the scale of 1:125.- 
000. or about two miles to an inch, usually with contours for each 50 or 
100 feet; and 59 sheets, mostly in the mountainous or desert Cordilleran 
belt, are on the .scale of 1:2,')0,000, or about four miles to an inch, with 
contours for each 200 or 250 feet. The areas of the sheets for these sev- 
eral scales art* bounded resiH'Ctively by. arcs of i. i. and 1 degree in lati- 
tude and longitude. 
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Tht» invt^stij^ations n»lative to irrigation include (1) the systematic 
mapping of th«' arid n.*gions in ord«»r to show the location and altitude 
of the irritable lands, their |K)sition with regard to the rivers from 
which the wat^^r is to be obtained, and the area, altitude, and character 
of the catchment basins from which the rivers receive their waters; (2) 
measurements of the amount of water flowing in the most im{K)rtant 
streams, with computations of the quantity available for each day of 
the year, either for immediate irrigation or for storage purposes; and (3) 
engineering examinations of such localities as the knowledge of the to- 
pography and of the water supply seem to indicate as favorable for 
great irrigation developments. At these places careful surveys are 
made to test Ihe practicability of diverting the waters of some riverand 
carrying them out by large canals to command extensive areas of arid, 
though fertile, land, or of holding the flood waters in great reservoirs so 
that the flow of the streams can be increased in time of drought. These 
surveys are in each case carried to the degree of testing the feasibility 
of th«' schemes from a financial stand|K>int. This report gives descrip- 
tUms of 147 reservoir sitt»s. with accompanying hydrographic data, illus- 
trated by maps and diagrams. During the year here re|X)rted 21,47.i 
S([uare miles were mapinnl for this dei)artment of the survey, in the 
states of Montana, Idaho. Kansas, Colorado, Nevada, California, Texas, 
and New Mexico. Tin* total areas segri'gated for the reservoir sites are 
l(W),y32 acres; and the an'as of th»' reservoirs, at their projjosed stages 
of high wator, amount lo 10S,.V>0 acres. Their contents would be ap- 
]>roximately 2,847,81.") acre-feet, which, allowing two feet of water for 
irrigation durinj: the growinir season, will supply half as many acres. 
This is nearly etpial to the irrigation crop area shown by the census of 
181K) in Montana. Idaho, Wyoming, Ctah, Nevada, New Mexico, and 
Arizona. Most of the sites selected for reservoirs are high in the moun- 
tains at eh'vat ions of 5. (HX) t(MO,(HK) feet, where the loss from evapora- 
tion will be less than it would be down nearer to the irrigated lands. 

Mr. Wilson's paper on irrigation engineering in India gives abundant 
details relating to economy and permanenc** which have been there de- 
veloiH'd through long practice, whereby American engineers may reap 
the results of much c<>stly experience. He shows the benefits, financial 
and j)oliticaI, di'rived from tin* canals of In<lia. and points out how in 
many localities the toi>()grapliy. climate and water supply resemble 
those of our arid West: but with our lower mountain ranges and smaller 
rivers it is not needful nor i)ossibh* for us to construct .so large canals 
and reservtnrs. w. r. 

"r/ic Oriyiit <uid Nature of SoUm. By Nathaniel Southoatk Siialkk. 
Pages 213-;M."): plates ii-xxxi, and figures 1-27. (Accompanying the 
Twelfth Annual Report. V. S. (Jeul. Survey.) In this admirably illus- 
trated memoir Prof. Shaler treats, in a style suited to ordinary unpro- 
fessional readers, the interesting conditions of soil formation; diverse 
kinds of soils: causes of the treelessness of j)rairie areas; the beneficial 
action of earthworms, ants, the larger burrowing animals, and deeply 
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penetrating mots: tVie deterioration or exhaustion of cultivated lands by 
faulty methiKls of farminjr: and th»' precautions needed to insure per- 
manent productivt'ness. The pressure of the plow on the part of the 
soil beneath that which it overturns is shown to be unfavorable for the 
best tillage, and the invention and substitution of some machine capa- 
ble of work iuju: over and thoroujfhiy l(K)sening the soil as when it is 
spaded by the gardener are strongly recommended. An outline of this 
subject had been presented by the author in the final essay of his vol- 
ume, "AsfM^cts of the Rarth," a y<»ar or two previous to its elaboration 
for this report. w. r. 

The rMfayette Fonnatum. liy W J Mc(iEE. Pages :U7-521: plates 
xxxii-XLi. and figures 28-72. (Accompanying the Twelfth Annual Re- 
lK)rt. U. S. Geol. Survey.) Uf)on an area of about 100,000 square miles 
of the coastal plain in the Atlantic and Gulf states and of the Mississip- 
]n valley, extending north to the limits of the glacial drift in northern 
X#*w Jersey* and southern [llinois, the loam, sand, and gravel beds of 
'he I^afayette formation constitute the present surface: and upon areas 
»4g|irregating twice as much more this formation has been removed by 
f*r*)sion, or lies concealed ben«*ath the Columbia deposits. In thickness 
t h«^ r^afayette beds an? described as ranging from a mere veneer over 
many interstream tracts to 200 feet or more about the mouth of the 
Mi.ssi.ssippi, the variation being in general directly proportional with 
I 111* volume of neighboring rivers and inversely with the extension in- 
I and. In structural relation the Lafax^^tte is separated from the newer 
Columbia formation by the strongest unconformity of the coastal region, 
r«*|»resenting the enwion of probably half the volume of the Lafayette 
Tormation and profound trenching of subjacent formations along the 
larger waterways: while the contact with all the underlying formations 
indicates that during pre-Lafayette time the coastal plain was a land 
siiirface and was wrought into a configuration much like that existing 
t«»-day. As to their manner of depKXsition,' Mr. McCJee holds that the 
l^afayelte beds were lai<l down in the shallow borders (»f the Atlantic 
«>cean and (lulf of M«'xico, being brought by rivers which are still in ex- 
istence, when the land stood from 200 to 800 feet lower than now, and 
^when the sea and gulf extended from 50 to 500 miles inland of the pres- 
>4*Mit coast. In age this formation is regarded as many tim«'s older than 
the earliest known Pleistocene and glacial deposits, but much newer 
I ban any other well defined formation of the coastal plain. To account 
for the deposition of the Lafayett«' beds, the author sup]H>ses their areas 
to have been depress(»d beneath the sea. It is noteworthy, however, 
that no definite beaches, marine fossils, or other pnmfs of tin? jjresence 
-of the si»a have been discovered: and the great amount of erosion follow- 
ing the Lafayette deposition required an important continental uplift. 
A simpler view of the epeirogt'nic movements, closing the Tertiary 
era and inaugurating the Qualt'rnary, seems to the present reviewer to 
be fouiltl in a.scribing the Lafayette formation to deiM)sition on land 
areas by f1o<Kled rivers desct'iiding from the Appalachian mountain 
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rt'^ion and from tlic Mississippi basin. spn*adin,!r gravel, saiul, amlloam 
over ihi- coastal plain and alon«r th«' jrn'at vallry ilurinjfr th«* t'arly part 
of a time of continental (>l<'\ation. The land had lain diirin^f the lon<r 
T*'rtiary |MTi(Mlsat 1ow«t altitudes, and itssurfacc was larjircly cnv«do[H'd 
bv ri'sidual clavs and bv alluvial sand and jrravcl. With the idcvation 
of the continent, increasinl rainfall and snowfall and n»sultin>r river 
flcKxls swept away thi'se su|M'rflcial materials from the hijrher lands and 
spread them on tlw coastal plain and alon^" th<* Mis.sissippi valley, where 
thf streams expanded over broad an-as with shallow and slackened cur- 
rents. As the elevation increased, however, the rivers would attain 
steep sloi>«*s and finally ennle much of the deiM)siUi which they had j»re- 
viously ma(h». During: the culmination of the uplift, which the r»'- 
viewer thinks to have pnMluced the northern ice-sheet, C'hesai>eake and 
l)<*laware bays were excavati'd and erosion was in progress at a far more 
rapid rate than with the present low altitude of this n»gion. Prof. E. 
W. Hil^ard. by whom the formation was first studied and named, b«»- — 
lieves that <lurin^ Lafayette time thi* Mississippi valley had a jjroater — - 
di'scent and stroniui^r currents of its river t1(M)ds. the increased altitude-—- -** 
of the interior of the continent having' been apparently 4,000 to 5,fKKr Zm() 
feel, sufticin^ probably, in its culmination, to brinjc the cold climutt-.^^ i. 
and ice accumulation of the (ilacial iM*riod. According to thi.s view tht^ ^^e 
Lafayette |M»riod may be considered, as by Ilil^Hrd, Sfiencer, and Smith .4V^^, 
to be early Quaternary or Pleist(»cene. representing; the initiation of th .^ aie 
conditions which resulted in the Ice aj;e. w. r. 

Thf North Amtrican Cotitim tit if uriuf/ CambriftH Time. Hv C'liAKLEi^ I ^" I). 
Wal( OTT. I*a^n«s .V^:i-.')(>8: plates xlii-xlv. and figures 7J^78. (Accohk-^h- m- 
panying the Twi'lfth Annual KeiKirt, W S. (ieol. Survey.) The conclr g- ly- 
sions ri*ached in this pajn'r an* staled by the author as follows: L Tl^ TThc 
pre-Cambrian Algonkian continent was formed of the crystalline roc' -^.jcks 
of the Archean nuclei, and broad ari*as of su|jerjacent Algonkian roc -^j^ks 
that wiTe more or less disturbed and extensively ercKled inpre-Cambri jtr -ian 
time, lis area was larger than at any succeeding eix)ch until Meso7x_-^.=«oic 
time. 'i. On tlweast the Paleo-Appalachian sy.«item of mountains 
outlined by a high and broad range, or system of ranges, that exten< 
from the present site of Alabama to Canada, andsubparallol ranges tl 
formed the margin of .seas and straits to the east and northeast of I 
northern Paleo-Ap|)alachians or the Paleo-Cireen mountains and tl 
northeastern extension toward the pre-Cambrian shore line of Labrac 
!^. On lln' Pacific side I lie eastern mass of the Paleo-Rocky mountt 
formed a broad mountain barrier that i-xtended from the jiresent n\ 
of Arizona and New Mexico to Montana, and toward the Arctic ciri 
uiKMi the western sid«' of af) interior land area. To the west the pri 
tivf Siena Ne\a(la protected the Nevada sea and extended far to 
north. 4. The int»*ri<)r continental area was, at the beginning of Cs 
brian lime, an «'levate(l. broad, relatively level plateau between tiw 
Paleo-Appalachian s«'a on tin* east and the Paleo-Uocky mountain •>«f- 
rier on tin- w«'si. .">. .\t tin- hi-LMnninir of Cambrian time three princ i /«/ 
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arnas of sedimttntation oxisteil: {a) tlu' Atlantic coast province, including 
various narrow seas between the several pre-Cambrian ridjfes: (b) a 
narrow sea extend inir alonjr the western side of the Paleo-Appalachian 
ranjje fmm the present site of Labrador to Alabama: {r) a broader sea 
on the western side of the continent, west of the eastern Paleo-Rocky 
mountain ranges, that extended from thesouthern portion of the present 
site of Nevatia northward into British Columbia and probably toward the 
Arctic circle, and south to the Paleo-Ciulf of Mexico and thus connect- 
ing with the Paleo-Appalachian sea. 0. Sedimentation probably began 
in the Paleo-Appalachian and Paleo-Uocky Mountain seas before Cam- 
brian time, and it continued without any known unconformity to the 
close of Lower Silurian (Ordovician) time in the northern Paleo-Appa- 
lachian sea, and with relatively little interruption to the close of Paleo- 
zoic time in the Paleo-Appalachian sea south of New York, and in the 
Paleo-Rocky Mountain sea. 7. The Cambrian sea began to invade the 
great Interior Continental area in Middle Cambrian time, and extended 
far to the north toward the close of the period. 8. The depression of 
the continent in relation to sea level began in pro-Cambrian time and 
continued with a few interruptions until the close oi Paleozoic time. 1). 
The relative [M)sitions of the continental area and the deep seas have not 
changed since Algonkian time. 10. The sediments of Cambrian time 
were accumulated to a great extent in approximately shallow seas, ex- 
cept in ()ortionsof the Paleo-Rocky Mountain and Paleo-Appalachian 
seas. n. The Ijower Cambrian fauna lived in the seas of the Atlantic 
coast province, the Paleo-Appalachian and the Paleo-Rocky Mountain 
seas. 12. The Middle Cambrian fauna of I he Atlantic basin is not 
known to have jwnetrated into the Paleo-Appalachian or Paleo-Rocky 
Mountain seas, except in the case of a few sjjiH'ies now found in Ala- 
bama and probably eastern New York. The iN>rtion of the fauna occu- 
pying the same relative stratigraphic |M)sition in the group is ess(>ntially 
the .same in the Paleo-Appalachian and Paleo-Rocky Mountain secli(ms. 
13. The Upj)er Cambrian fauna was distributed over the broad Interior 
Continental area and in the Paleo-Appalachian and Paleo-Rocky Moun- 
tain seas, but it has not been recognized by the same genera and species 
in the Atlantic coast province, the fauna of the latter being more closely 
allied to that of the Upper Cambrian of the eastvrn side of the Atlantic 
basin. w. v. 

TJie Eruptive Uoekii of Ekrtrie Peak and Sepulchre Mountain, Veilotc- 
Hton4' Naii<mal Park. By Joseph Paxson Iddinos. Pages 5(jl>-G(W: plates 
XLVi-LTii. and figures 7J)-81. (Accompanying the Twelfth Annual Re- 
IK)rt, U. S. CJeol. Survey.) The study of the chemical comj^osition of 
the intrusive rocks of P^lectric xwak and of the volcanic rocks of Sepul- 
chre mountain proves that these two groups of rocks have identical 
chemical comixKsitions. The varieties that have been analyzed are 
mineralogical and structural modifications assum»*d by the magmas on 
ccK)ling, and the analyses serve as indicatiorjs of the range of their 
chemical variability. From the geological structure of the region, the 
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c'<»rros|M)iHhMUM* b«*twtM'ri lh«' ordrrs <»1' eruption of lht» twu S(*ricsof r(»cks, 
tlH' n'smiblaiuM; of a larjrt' part of ihf rocks of both s«»ri«*s, macroscop- 
ically and microscopically, and the chemical identity of all the rocks 
of l>oth jrronps, it is conclusively demonstrated that (1) the volcanic 
rocksof S«»pulchre mountain and the intrusive rocks of Electric peak 
were originally continuous ^eoloj^ical lxKli«»s; (2) tho former were forced 
throuj^h the conduit at P^lectric p<'ak during? a series of more or less in- 
terrupted eruptions: and Hi) Ww ;rreat amount of heat imported to the 
surn)undin^ rocks wais due to the frtHpient |)assajure of molten lava 
thnui^h this conduit. The nminant of a volcano, fractured across its 
conduit, has been fault«'d and considerably eroded, so that it presents 
for invest illation, on the one hand, the lower ])ortion of it.s accumulated 
debris of lavas, with a part of the upi)er end of the conduit filled with 
the final intrusions, while, on the other hand, a si^ction of the conduit 
is ex|K>sed within the sedimentary strata u|)on which the volcano was ^ 

built. Ueco^ni/inji? the wide extensi<»n of similar intricacies in the «. 

^eolo^ical and physical relations of volcanic eruptions, Pn)f. Iddin^ .^s^ 
thinks it '^advisable to base the classification of ijurneous rocks on that . .v 
character which may be dett*rmined with certainty from the rocks-^ss* 
themselves, namely, the crystallin** stnicture, and which, at the same;^^ ^^ 
time, is to so hijrh a dejrree an exiMinent both of the chemical comixisi — ^i 
tion of the magmas and of the physical and ge«)lojrical conditions at- ,»-(. 
lendinp their solidification." w. r. 

Poptihtr IjceturvM and AthlrfuMfM. \\\ Sir William Thomson (BARor^_».\ 
Kelvin): in threi' volumes. Vol. II. Gt^thtjy ami (rrneral Phyniejn, Kac^ ,^ic- 
millan A: Co. 12mo.. (UK) pp.. *2. 181)4. 

l>ord Kelvin's addresses on physical ^reolo^y in connection with \}r W he 
live (piestion of the lenjjth of time the earth may have existed, ha^^' ,^ve 
such a dejrree of simi)le mathematical expression and exactness thatth^ ^ey 
have had much infiuence in rec(Mit calculations by diflTen'nt ^ologis^' ^E;t.s. 
In this volume are included also addres.ses on various subjects of phyr — -si- 
cal science, such as geolo<rical climate, the condition of the interior ■ of 

the earth, the earth's magnetism, the theory of polar ice-caps in re — *^Wa- 
t ion to chancres of the sea level, sound and imj)erfect harmonies, t.:zJWthe 
heat of the sun, the aurora. «'tc. N. H. w ^r. 



.1 mHtiualofthfHtudf/ofdofumttitM. Pekhifok Frazer. .T. H. Lipp^^ nn- 
colt iVCo.. Philadelphia: pp.218, 18»4. 

One of the editors of the American (iEOLogist has prcKluced a bc=^^>k 
\m a branch of study which, bein^ entirely new, he has named biblioi — ^*''*- 
It is the study of writinj; and writinjtr materials with the view either l^> 

establish the character of the writing <»r to discover fraud. The forir J**r. 
a^'ain. hi' vaUs f/ramifntp/itjii/, and the laiWr pldMntp/tejiff, 

This curious volume follows thi* subject into many lines of n»seai 
The physical characters of a siM»cimen of {)enmanship are minutely 
amined into, both throu«rli ocular insiiection and by microscopic in« 
ods. and by composite pholt)jrraphy. It is wonderful how far tl 
methods liave already been employed prior to any attempt to define 
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jfroup them. The various methods of makiiijjr chemicHl examination of 
inks used in writing, for the purix>se of comparinj^ a genuine with a 
spurious signature, are given in detail. Then follows a digest of the 
laws and judicial opinions bearing on the use of exiH»rt testimony on 
handwriting. 

xMtogether this little manual will be of use in legal and financial cir- 
cles where the critical examination of all signatun-s is a necessity. It 
brings into small c(»mpass for the first time just the information often 
wanted by penmen and ex|>'rts, which usually is scattered and difficult 
t<» use. N. II. w. 

Die Fauna dett unteren Devon am OHtahJianye den Ural. liy Tii. Tscher- 
NVscHEw. (Memoires du Comit6 (ieologique. Vol. IV, No. 3. pp. 1-221. 
pis. I-XIV, 1803.) 

This is a work of more than local interest. The author, especially 
distinguished for his researches uiK>n th'* IVvonian of the Russian Em- 
pire, has described in detail a somewhat peculiar faunal assemblage 
from neighboring limeston€*s on the Asiatic slopi-s of the Urals, which 
are treated of as a whole and as of common age. 

The American student of paleozoic faunas, after a diligent scrutiny 
of the fourteen finely executed plates of fossils and of their descriptions, 
can hardly fail of being imi)ressed with the conspicuous predominance 
of normal Silurian (Niagara) types in this fauna, here regarded as of 
lower Devonian (Hercynian) age: and in such a mind the query at once 
arises: By what construction is a fauna so constituted to be referred to 
the Devonian? The leading elements of the fauna di.scussed, briefly 
stated, are as follows: Among the Trilobites, You/if/ui, a ceraurid like 
PHeudofipJu^rexorJiuit, and of which the only other known siH.'cies is from 
the Silurian: 6Vt/j/w<^/«^ (fragment), Ariitfozoe {A. regina, Harrande, A. 
herrynieu. nov.) Of the gastro|MKls, PlatyrtraH {\ si)ecies), OrthonyeJna 
elongata Hall. O. mltelluM. nov., Pleiirotomaria lindjtfro'mi, a pauci-.sj)i- 
raled shell with large, ventricose bmly-whorl: P. tentrictma, with angular 
whorls, high spiral and contracted btKly-whorl: large Murchisonias with 
high spirals: large bn»adly umbilicated Hellerophons(cf. Trematonotui<. 
Hall: SatpingoHtoma F. Koemer). sharply carinated sj)ecies iOxydiHcntt) 
and small, non-umbilicated forms of typical structure: well defined 
Subvlitett {i>. HraliruM, nov.) The leading element of the fauna is the 
brachiopod, which includes spirifersof the type of >'. raduitun {S. fur- 
gefiifijt, nov., N. robuatUH, liarraiide) and S.pKcatelluH {S. indifferenH. var. 
tranxienn, Rarrande): multiplicate lineate sj^ecies like **>. niagarfUMin (S. 
tiro, Harrande). duplici plicate radiate forms represented by S. nobilin^ 
Harr. var. nrhifenaijt, uov. S|M*cies of the unicispinate fimbriate tyjM* (S. 
orbitatUH Harr.. S. rogufiniH, nov.. N. pvntamerifttrmi^i, S. kuttr/trennitt). Of 
the considerable number of species referred to Merif^ta ami Meritttelht. the 
critical generic characters are demonstrated in non«*. Compared with 
similar shells in American fauiu*s ii may safely be said that these bear 
in resiH»ct to form, size and general external expr»*ssion. a far more pro- 
nounced similarity to six'cies of Whitfitldelbi and Merintina of the Silur- 
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iaii. than lo th«* M«'risia> and M«*riMfllas of th»* Ij«>w»»r H«'ldiTlH*r|f mdcjL 
()riskaii\. IinhM'tl amoiiir ili«' i«l«*iiiifiratloiis w»» find thai of M. OVhit — 
fitldrnn) Hitithi Hall, a NiaLnira siHTi«»s. NumiTous small Rhynchon^l — 
las (KMMir. of thi* t\ |H' of U. ir/n'tiiniu\ J{. iitduimnMiM, of th«» Niagara: tiix 
larjr*' form. WitMnnin piUi, \ar. irhitt-mtiH, nov. is like W. imffonli Hall. 
It is th»* iM'iitanu'roids that put tin* iK'voiiiaii roiiC(>|)tioii to the Si'V«»tt»si 
strain. H«*n' nv«* iihmm a r»'inarkahl»Ml«»v«'lo|im«'iit of ;jr«'iH»ra which uin- 
is wont to H'^^ard as t'minciitiv Silurian: ^r«'at plicated Conchidiums ol 
the ty|M' of /*. ktiii/fiti {p. itHttuhtkuufhti. nov.. /'. rogulirun \t*Ti\., P. 
roHnifUM Karpinskv. P. kuritiiixkii, nov.. etc.): P. ttiltunttii, a smootl" 
shelh'd. true Ptntumtrux uf the t\ jm- of P. pt n/ibhiMUit, Hall and WhitfieU 
and /'. ittriattiM Kichwald, a form which, in some of its ])ha.s<>$, show=: 
tin* passap* of /*////////</ r//x to shells with tin* completely n»verse<l con 
vexity of the valves iM»ss»'ssed hy the recently described ffen us Ctipfllinui 
from the Niajrara dolomites of southeastern Wisconsin. This reversa — I 
of convexity and |»redominance of the brachial over the i>edicle-valv( 
are well shown on pi. \'2, fij:. .'). The ty|H' of P. linguffer Sow«»rby, 
rr//^r//VM///« Hall (= //'//wi/^f/^/A/; smcK)th shells with median fold on th 
brachial valvr) is re|>res»'nted by /*. KraMnopolMhH, nov. 

Amonjr oth«'r Silurian forms may also be counted the ^'eiius Pmtceoluf^ -. 
liillin^s. 

Turning? to the rh^ments of the fauna which may be rejjartled as n»j» — 
resentatives of the American lower Devonian (I^^wer H«'lderb<»r^, Oris*-" 
kany), w«' shall find them conspicuously f<'W. Isolated spt»cies, Proetu ^^^ 
uraliruH, nov., Ortlionyrliin rloHgutii Hall. O. niltelluM^ nov.. presont a I)»* — 
voniaii asiH»ct. Srhizotiun f untlifUM, nov.. (hinjre unknown) ha.s the \y^ — 
culiar form of Palaromilo hda Hall, of the Hamilton fauna. Atrypr-^- 
fniblt'phla Vt'rn. has the introverted spirals of Atrypinn-, while it bear?* 
the external aspi'Cl of ^V><'/f>;<y/m/. The siM'cies identified as Pentamtru^^ 
(triitnlohatuM .Sandbertfer. is a similar shell to the Lower HelderberpC 
species C(>mmonly identified as /'. gahattiM, thouj^h more sharply plicat^'^ 
Strophomt'ua irtujniufm*i)t {\\'\u'U\>y^-ii\{\X, \s a StropJteiMhmta with the in — 
tt'rplicate crenulated surface of N. ntriMtnatti of the T^ower Helderberp^ 
and N. /mfrrMtnii of the t'pper He|di»rber*r. Orlhu Mubrarinata of the* 
Lower Helderberjr is present in the Sibi'rian fauna. More distinctively' 
Devonian tNpes an* found amon;r the corals; Amplmin, (^yittiphyUum^ 
J>iplitrfioni' (Freeh's jrenus). Vtiroxittx {loMfuMHt, F. polymorph/!, AlreoHtt-^^ 

The determination of this assemblaire as a Devonian fauna seems ihf 
lo^ncal outcome of rec»'nt anal\tical studies of het»'roto|M» faunas, which • 
beK'nninv: with Kaxser's. of tin* oldest fossil -h«*arin«r rocks of the Hart>^ 
(ISTS). hav«' biMMi produclivp of important modifications in tht» curn»n't 
interpretation of \ arious local faunas. Ka\'ser's detailed investigation 
of the Znrire and \Vi«Mla Schiel'er i»r tin* llart/.. which A. Uoemer had 
declanil lo !)•• «>f Silurian ai:«*. denumst rated a predomiiumce of Devon- 
ian t \p«'s: till' enrr»*lai ions insiitnt»'d h\ him b»'tN>fen this fauna aii«l 
those of till' linhi'inian rtair«'s F. ( i and II of Harrande. h'd him to Jirsru** 
tin* ''arK l)»'\»»ni;«n aif «»r ih«' lalt»'r also. NoNsik. Katzer. Jiarrois. 
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Freeh, Tschfrnyschew, and several others, have, by contribulions direct 
or indirect, endorsed and fortified these determinations, until to-day the 
post-Silurian a^e of these and ecjiiivalent faunas, including: the Lower 
Helderber^^ of New York, is no longer debatable. All of these so-called 
"Hercynian" faunas, so far as they had been previously studied, were 
originally determined as Up|)er Silurian. Harrande's concepti<m of the 
ajre of his up|)er 6tages applied to th<'m all: admittinjir the correlation 
f»f the normal Upper Silurian with his eta<j:e K, he rejj:arded the sup«'r- 
jacent Piaffes F, H, H, as a continuation of the Silurian not represented 
in the typical sections of (Jreat liritain, thus a />o*Mypical-Silurian. 
The inclusion of all such faunas within the limits of the Devonian is 
simply the pla<;inj^ within the latter time-division a series of faunas 
more or less highly impregnated with derivativesof the normal Silurian. 
This Silurian element is evident in the Hartz faunas, decidedly more 
conspicuous^in the IJohemian Stages and emphatically less pronounced 
in the lx)wer Helderberj? fauna. In the correlation of newly discovered 
faiunas with these Hercynlan faunas, there may be a predominating 
agreement with the major Devonian or the minor Silurian element. 
Thus, in Tschernyschew's list of 140 species from this east-Ural Hercy- 
nian, subtracting first 53 new, and undetermined species, there are 35 
out of the (Jl remaining which are regarded as identical with species 
occurring in the l^hemian Stages Fand G, and of these 35 there are 13 
which also occur in the 6tage E, or normal Silurian. This 35 is certainly 
a large commonty between so distant faunas, but the large third of 
these, which embodies thtisp<»cific continuations from the Silurian, in- 
dicates what is jx^rfectly clear from a consideration of the other two- 
thirds of the IJohemian element, that this fraction does not represent 
the Devonian element of the Bohemian faunas, but rather its more dis- 
tinctly Silurian or neutral elements. 

Comparison of the fauna with that describe<l by the same author as 
Hercynian on the west slope of the Urals, shows a contingent of 28 com- 
mon sjiecies, and this element is, as a whole, more Devonian in asi)ect 
than the I^)hemian contingent. This fact, together with the Devonian 
afl[inities which areotherwi.se indicated in the fauna itself, shows that 
the east-Ural fauna, if pro|x»rly n?gardedas a single faunal assemblage, 
is as weak in Devonian ty|>es and as strong in Silurian typ«*s as a Devon- 
ian fauna can well be; that is. it indicates, if Devonian age, a Devonian 
stage that has heretofore been unrecognized. 

While the conventions of gi'ology, the lap.ses in our knowledge of the 
geological record and the finitude of human comprehension render nec- 
essary the employment of such lime divisions as Silurian, Devonian, 
etc. (and we are disi)osed to believe that some few years will have 
ela|>sed before such terms can be dispensed with, notwithstanding the 
evident impatience of them manif»'Sted by some of our twentieth cen- 
tury geologists), our conception of the limitation of such time divisions 
and their faunas must be malfriallv infiuenced hv the limitatit)n of 
their original definition. As a s«'ries of rocks the upper limit of the tyj)- 
ical Silurian sectiofi was clearlv defined, and time has shown that this 
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limit was ii<»t oii)\ nw of a irmldirical scries, hut ihc <l(*a<l-liii«'of a Urirc 
number of orL^anir l\ |M"s. In tin- typical l)t*voniaii Sf*cti«)iis. however, 
the lower IviiNHhtry was ne\«'r defined, and English >r»*<)Io>risis t<»-day 
C(»ncM*(h' that the rarliesi members of the Devonian s«Ti«»s art» abs^^nl or 
iinox|K>s<'d in theM> s4'(*tions. The I )«'V(»nian system was foil ndeil u|Min 
onoof the most iinfavorabh* and incomplete dcveloprntMitsof that st^riesof 
rocks and faunas known in :iu\ part of tlie ;rh>b4': a more pn'cise soo|m' 
was ^iven lo it h\ ihe work of its foun<lcrs, Murchison and SfHl^wick. 
in thff Khin*'land. hut even there no dcterminati«in of its lower limit was 
made. This a<lmitted hiatus in the typical succes.sion of IVvoiiiaii to 
Silurian, is the parent of the prolific di.scussi«uis over **|K)St-Silurian" 
and "Hercynian" faunas. No such iliscussions could arise in a country, 
if there be any such, where the interval is Hlled by a complete succes- 
siitn. In America, in imrticular the stale of New York, where the 
l^)wer HeUh*rber;r fauna is typically exhibitt'd. then' ift an abiience of 
physical disturbance in the succession except that indicated by the 
]ir(*fu*nce of an extensive local accumulation of ^y|isum, salt, and water- 
limestone, toward the close of the Silurian, but the mea^*r fauna of 
these beds is followed by the exceedinjrl\ prolific «»ne of the I^iwer Hel- - 

derb<»rir, wh<*re hut wondrous few of the Silurian sjR'cii^s apiiear. There « 

may be a Silurian exi»r»*ssioii in many jreneric elements in the I^»wer —a- 

Helderb4*rv:. but the entire combination is by n«) means so early in its ^^-^ 
>(en«'ral expH'Ssion. or indicative of so clost* complications with the Si- — . 
urian. as that of the Siberian fauna which wv have just considereil.* 

The early jreoloi^ists of the state of New York, working out Ihe clas- — j^. 
siflcation of its rocks indeiM>ndently of pr«>conceived notions and alien m' w n 
nomenclatures, applied to the formations now embraced under the torms^rs m-in 
Ijower Helderb<*r>r. Oriskany and rpjH'r HelderlM*rjr, the name IMdrrberg^^^-^f^ 
diriniou (Mather. Vanuxem). or llchlerbfrg Sfrirtt (Kmmons, Hall): tht— • m- w 
most sharpl\ tleflned and widely extendi'd ^reolojrical terrane in the state. — » j,» 
There was. indeed. s(>me diverirence of opinion as to what should con- m- m «n 
stitute the basal member of this division. Hall and Vanuxem includin^^ m-mu; 
the Onondaga Salt j:r*)Up, Kmmons <»mittinjr it and beginning thf serier — • Mie 
with the Pentamerus limestone. The ori^riiuil definition of the JleUlrr'^'-^^.et 
berff (tittMitm was Mather's and was essentially based uptm determina«» «^aiii 
tions made bv .John <iebhard. jr.. in the vallev of Schoharie creek. Thii m'MIu 
limitation of it iM'jrins tlu- series al tlu'lxMtom with the **Manliu8 wate^^ .•" te 
limestones. "and terminates it above with "the S«»neca limestone of Mh M^^ii 
Hall." The appr(>ximat«*accuracy of this lower limit as a lin(» of divisio « » iioi 
Ix'tween the Lower Hejderherjr and the subjac»*nt formation was after -*' • J<*r 
ward establisheil by Prof. Hall. The continuity of the ^reat .series ( ^ <»■ 

waterlimes const it ntinir the upper pari of the Salt ;irn)up and the lowt- :» ^-^*'«'r 
part of the Lower H«*l(lerl>erir. niaU»'s a division upon lithologici^s "^-X'a/ 
grounds somewhat uncertain. I>ut the line is fixed, as shown by U&^m^- «'/ 
and empluisi/.ed by comparison with the succt-.ssion in (rreat Hritain an^" ■■' ''f' 
Russia, at the ilisa|)pea ranee of the HuryptcniH fauna. 



•For a n»view of tlio Lowor lleiderlx^rK fauna witli especial referanco to its Slloi . 

and Devonian ol««ment», we Clarke: The Hercynian Qui'vtion, 42d Rept. N. Y. 8tti^^^"^<> 
Mn8. Nat. IliHt., pp. 403-4:^, 1H89. 
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Till' fauna of th«' lleldrrbery ditinion is as sliarply dfftnt'd as tin* ter- 
rain* which bears it. It is more jiroliHc in species than the Silurian be- 
n«*ath or tlie faunas above it lo the baseof the Carboniferous in the stale 
of Xew York. As an orj^anic complex the interrelations of its comix)- 
nent faunas are extremelv close and vet thev are all characterized bv the 
acmic develo[)ment of orjjfanic j^roups which give the fauna. taki'U us a 
whole, an expression as fundamentally distinct from that which pre- 
-I'edes (normal Silurian) as from that which follows (normal Devonian). 
We would be understood ais saying, and the truth of the remark must 
b«' apparent u|)on even a cursory study of these faunas, that any ques- 
tion rai.seil in regard to the age of the Lower Helderberg fauna must 
concern with equal force the faunas of the Driskany and Upi)er Helder- 
berg. In the brief s[>ace to which these remarks must be restricted, 
attentitm may be directed to such distinctive features as the brilliant 
outburst of the genus DahmmiteM or Odoni/H'htU' ami its multitude of sub- 
sreneric and specific \iiriations (28 s^K>cies), their high ornamentation 
and great projxirtions. Foreshadowed in the Silurian by a few simply 
dressed sjjecies. this great group becomes, to our present knowledge, 
totally and finally extinguished (except so far as represented by a single 
sj^cies and variety of CrypJufun) with the disappearance of the fauna 
of the C'orniferous limestone. No such remarkable group of Trilobites 
api>ean»d elsewhere in Palieozoic history, in no other grouj) is such di- 
versity of form, such extravagance of size and ornament (save in the 
Lichads of the same fauna), and none can be said to more emphatically 
characterize a iH'riod in faunal succession than this. Highly distinct- 
ive features are I'xhibiled by the representatives of other Irilobitic 
genera: Ceratolichan, ConolichoM, J)icranurutt^ TerataspiM, Anryropyge, 
I/onuiUmotim, P/inroptt, and Cordnnia, showing that this crustacean ele- 
ment is in a pre-eminent d<*gree characteristic and indicial. absolved in 
a truly remarkable manner from entanglement with the trilobitic 
representation in the faunas preceding and succeeding, more strongly 
individualized, more prolific, more extravagantly and iwculiarly char- 
acterized than that element in either. 

Barrois, in sjM'akingof the prolific developmiMJt of Pltitycerax uv Cap- 
uhm in the Calcaire d' P>bray. in Hrittany. the i»(pjivalence of whose 
fauna with that of the llelderbery dirimru he has fully established, has 
remarked that if th<» old practice of naming fauiuis from the presence 
of certain geni'ric types (Astartian, Virgulian, I'tc), were to be contin- 
ued, the term Capulian should, par exrelkntr, be applied to that. Of the 
capulids in the Helderberg fauna there an* nearly one hundred de- 
scribed forms, presenting great diversity in structure and ornament. 
Nowhere else and at no other i>eriod dews the development of these gas- 
tropotls in any degree approach this. 

Of distinctive and exclusive brachiopod generic typ^s there are many: 
OrthoHtrophiti, llipparhnyx, /jf^pfffntWd, (^hounfttrttphui, Anopfi'a, Aftfupfa- 
'»i'i. Merittta, CharhtuelUi, lthyur/nt:*pira, PU'thorfiyncfniM, SfrmfMc/n'^ma, Uit- 
rinuluH, Etftonut, jA'ptorwlui. Amphifjcnid. ReuKxcfarin. Renrhid. Orinkimi'tt, 
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StfimlUt: :i Ni:;iiitiraiit !Ni *\%-\\ whfii HiMt«Ml in this hriff fi»riii wiihoul ^»" \ 
r»*f«Ti'iK'«' \%i I hi- I'll! nil Hill lull ^if •tih»T ir»*ii»Tit\ Nubjr»»nfrk" mw\ siwriHr^ ^p 
I \ !»••<. i.r !«• tli«' iin|i.irt;iiii t.\ i<|i-ii .»..;« rriinl***! h\ ih** incHfrtiim. or abs»*iic»^ -• f 
iir ilei'iiiii- ii«-r<- of \^]^-'« ilivfiiiri i\i- Ikith almvr aiiiJ b«*lt>w. 

Tli»' l:ini>llihraiii'ii<« slmw «.iti»-«» of iiiT**r**Ntjiitr Imiiftilioii forms; tli*-~-» ^f 
(*i'|>h:il<>|M>«|v. s|i;tr^f iti \\\*- *:\t\\ '»i!ii:t"» bill ahiinilnni in ihi* I*i»t. |ii»s- - -^ . j^ . 
!i»*'»s maii\ lii:rlil\ i1i<«i jimMim- ::i-iiit.i. 

Th>'<««' <> It:: ::•'>! ii 111 V Til :i> tn* t:ikfii oiniplx »H iiMlirMlivi* iif th<* conittitii s mx- 
liiiii of \\\*' fauna :i«^ a wiiit|i-. a<» ^'X itl»-iK**'H of an individiml «*X|»n'SKif)V ^ m 
whir I » I'loNt-r an:t!>^i'» w.mlil %*\\\\ •^'t\*' In Mrvnfflhfn. Th«"rp mn* Itical^ ,^1- 
iiifN kimwii wh>-r*>iii I'lp* fauna of '-afh of th** 4*itin|ii>n»-nr sfMift^ of th^ flu. 
//r /#/# r'i* T'/ #/iV/*/...i :s i-<iTnii!i4'ai-<i wiih I ha* imm**iliat«*lv siicr**«*(lin<-..e ir- 
Ihi- LoW'T H-iilt-rh-r:: wiih ih*- I. iw-r Ori'^kaiiv. th** Lowt-r (>ri*iknii s^ m\\ 
with ih- Tpi-r nnskaiix. arni ih«- (iri««kaii\ with lh»» l'|t|iiT H»*ld»*rh»Tj^ ""rjr. 
S». al>i». ih'T" af a f'W |ilarfs r»-f.tril«'il i*-. :».. Tm^n o unity. In(liaiiA.^-si), 
whci>' thi' rpiM-r ll«-!t|-rl»*T'.' fauna i^ iuvo|\f«| with that i»f the Hami f il- 
itin irrtinii mop- will iiiiilniihit-illx )>•• fount 1: an\lhiu:; flv wtiulU HAT h»* 
unnaiura! w:ih afi nmii!'TriJi«i»-*l '•urrt-'^Niiiii nf •^irata and faunas. Thf — 'n* 
i«» lik'-wi—-. :n '-•m- r»"*j»M'iH. ,-* |ial|>ahl- a|i]in»\iinatiiin in the lat* .^n^r 
fauna I'f Thi<» «i:\ isii.t:. (<• lictt 'if ili** Hamilton ami tv]iicai iVvonia ^^kr jin. 
It wouUl Iv '••irpriNiii- w.-p- im"P»- not. \\'\\** will «lraw (he line betwe*— -^mi 
the fail 11 a** of lip- ('am^r:aii anil Or«lii\ inan" l»-iwt^*n the Devonian a~ .^»in<l 
rarhiinif'-noiv 

That ih«- fauna of \\\»- /A '^ r'.r -.; .u^i»i"h \^ \\%*\ Silurian is «lein< ^ -on- 
''irattii. thai :j > •'.•nvi-im.|.i'\ 1K>\.iTi<.-tn i^ a 'f/i jv^vi/vr. ThelK'Vimi^ aia" 
i"^ a i^1•lo:;:^^t! an>l isi.i^-oiitoli'irioal -niiiv whirh ]ia*» n»-vt-r bet-n <letin^ .^led. 
A** it wa^ .»ri::!iia:!v vmipix a nam-- f'Tih- :nt**r\al b»'twf«>n iheSilnrft — a"!"!! 
ami rarU.nif.n-u^. ^t :i -^ «■ — la> Mm !h.- f.tunaof the lieMrrbrtg "• ''»■ 

r. ■*<•...... .,r .|,, Hni.PKKBKKt.f \N. -^ a'»il:'.i:iM'i!\- fpim that «»f the lAerlyi ' — inj; 

lW'\«.'i:;:»i'. a^ -T > f^.M» •■> ■^t-:- nu, .i!-.!. !»*. a'r*-ail\ Mattel, it*, n'pre f i ■* Sen- 
Ta::- !: •.!. vi-r-. v -^ j: '• :i^ lo.;**!' a^ . :'!:.r of rh- others. The na m "iiin» 
|.ri'i> '«'• ij "'»_\ :■:• %'..••• «»f:-_: '»•- ■!" N* w Y'-rk iia" |».i'»»<*nl iiitii ilesuetii* ^ -i^^**- 
.•:\;;^«- \% i\ *.» •;• i -^■••r s-*:- .ir. i.:;i!.:a*...ii -f a KuMiw-an mimenclatr _»'lun 

I.;.' . *»!jT :• !Na mi»-<tion worthi^^ ■>'••' 

■ -■•*':i'» \ Jv- r»-\i\f«l lit expres- — s-*"* * 

• : •>. ?!.•• aIoii»* a> a di^tinct:^ —livf 

: i-:.\- fa N^ri-> 'if faunas wh ^ *"<**» 

I? •! •:«'Tn'»ir»-n»^iU'» as any ot -^' ^"**f 

-^ : *!■. Pa!;*H./p.ir. It i< -»•»» 
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facios of ilitft^r^nt faunas, and it may almost be said thai n«) two writers 
have fully ajrreed as to its significance or scope. It has, moreover, not 
the presliji:** of priority, and, unless its usefulness can be more fully dem- 
onstrated, should «i:racefully yield to the more venerabh' term. 

.1. M. Clarke. 

Kiyhtrenth Annual lieptrrt, for 1803; Indiana^ Department of Gtohgy 
and Natural Renource^. S. S. Uokby, State Geolojrist. JioC pages; with 
natural j?as and oil map, and 12 plates of fo.ssils. Indiana|X)lis, 181M. 
Indiana is a state where the peculiarity' I'xistsof electing the state geol- 
ojfist by popular vot<? as the governor or mayor or county surveyor is 
elected. It is, therefore, a more or less [X)Iitical office, and we see in 
this a reason for the- frequent changes the office has undergone. Since 
E. T. Cox left the iK)sition in 1879, it has been filled by professors Col- 
lett, Thompson and (iorby, and the last named will, we presume, be 
superseded by some one else in the near future. This fact is in striking 
contrast with what obtains in some other states. In New York, for 
example. Prof. James Hall has been connected with the survey since 
1835, and after an interim of several years has been in charge of a new 
survev since 1881. In Minnesota Prof. N. H. Winchell has been the 
state geologist for the past 22 years: in Pennsylvania Prof. J. P. Lesley 
has been at thi'headof the survey- for about 20 years; in New Jersey 
Prof. (reo. H. C'ook was in charge from I8(J3 until his death in 1889; and 
in Alabama Prof. E. A. Smith has been in service 21 years as the state 
geologist. It cannot be said that frequent changes in this office are con- 
ducive to the best scientific work, for a change in the head frequently 
results in a change in the subordinates, and when this sweeping change 
occurs the new incumbents must frequently relearn much that the 
former officials were rM^rfectly familiar with. 

In the present instance, as has occurred before in geological reports, 
the chief geologist furnishes an intrixluction to the volume. Here it 
occupies 8 pages and the remaining 340 are filled by reports from the 
assistants. Mr. Chas. R. Dryer discus.ses the geology of Noble and La- 
grange counties and the drift of the Wabash-Erie region. W. B. Van 
Gorder gives a catalogue of the plants of Noble county. Thos. Mc- 
Quade rept)rts as insjiector of mines; N. J. Hyde rejKjrts as insjM'Ctor of 
oils; E. T. J. Jordan as supervisor of natural gas. Hi're cognizance is 
taken of the fact that the supply has been wantonly wasted and rec- 
ommendations are made for the conservation of the precious fuel. 
Many of the wells show a decrease in jiressure and volume, many others 
are already exhausted, and the new ones that are being drilled do not 
show anything like the |)ressure or volume 4)f the great "gassers" so 
common at first. E. P. Cubberly discusses the structural features of 
the state as reveah'd by the drill in a s«»rii»s of sections made in various 
directions across tin* state; and finally S. A. Milh*r supplies the paleon- 
tology. 

There was a time when lh»* pages of the Journal of the Cincinnati So- 
cietv of Natural Hislorv were largelv usi'd bv Mr. Miller in his (h'serip- 



126 



The Awen'cnn Geoloyfttt. 



Aocoit.UM 



lions of iM'w s|M'rirs. hut of lat«* v«*Mrs lit* Hhs b»M*ii €*ontribiitin<r larjfely 
to the imblicatioiiN <»f th«* Stat<*s of IndiHiiH and Illinois. In th«.' (in^Dt 
instance h«' has ICHI |m||r«*s tlevoi«*<l to ft^ssils. This section was issurti 
as a separat*' in S#»|)t«*nih«T. 1H1»*2. s4>[mrHt4*iy pa);«*d. Then* is no men- 
tion (»f this fact in lh«* nn*s«'nt volume, which is U» be rejrrettwl. since 
there max be in time, when the s|M>cieh come to be refernnl tu. st»me 
difficulty alxMit ascertaining' the date of first publication. Many iiersuns 
will set* this volumi* who will not kiu»w of the se|>arHtes, and ermrs of 
refer»Mice are lik«'l\ t<» n*sult. Then* an* 70 new s|iecies described, and 
it is inten^stiu}: to note that of these less than une-half (36) an? from 
Indiana. m<»st of the others bt'in^ fn>m Missouri. It is also noticeable 
that (inly I'iout of the 7(» an* in the state museum at Indianapolis, the 
«»ther ty|M«s hH'injr in the collections of Mr. Miller and other ^ntlemen 
who have collected them. J. F. J. 



RECENT PUBLICATIONS. 



[. (innrnrntht and State lirjHtrtM. 

In»ni>n»>of North l'an»lina. Bv H. H. ('. Nitze. North C'an>lina 
iu^A. Survex. Hull. No. 1. iTKi paift-s. tjt» plates. 1«W. 

Elevi'uth Annual Ueimrt of the State (uH.»K»irist (N. Y.), for the y«**^ 

1S1»1. c«>ntains: Kep*»rt of th*- State <;«^>lo>fist. James Hall; Catalo*^*** 

of the ct>llection of sri'olojrical and |ial:eont4»lo^icaI sfM^cimens donated • 

th«- .\lhany Institute to the State Museum. J. M. Clarke: List of ^^*' 

ori&rinal and illustrat«'d specimens in the |»ahei»nt(»lo>ricaI collect**^^^* * 

Part 1. Crustacea. .1. M. iMarke: i>n Conlu'nia. a pn>pose<l newpen^* 

triltibites. ,1. M. riarkt •. .\n intnHlucti<»n to the stutiv of the Bracb***^*^ 

da. intended as a hand-N»»»k forth** ust* <»f students. James Hh'*- 

sisted h\ J. M i'lark*'. 

Twelfth .\nnual Kei«»rt of th*- Stat«* (ie(»l(»srist <N. Y.), for lh»' - , 

f iIh* 
1SS»*^. contain>: Keimrt i»f the Stat** lM-«»lojrist. James Hall:ReiK>rt <'* 

.\ssistant PalaMntolo::ist. .1. M. i'larke: List of the orisfinal and ilM** 

ted s|H«ciniens in tln' |vjil;is»ntolo:;ical collecli«»ns: Part 11. Annelid* 

i'ephaU»|*iHla. J M. iMnrke; Nott'> u|ion two boulders «»f a very *^* 

erupiiNe nH'k fn>n> the \ve>t shon* of i'anandaiirua lake, and their ^ 

tact phenon\«'na u|H»n th«' TrfniiMi iini^'Ntonf. \\. K. Kmerson: Tn** 

Noman secnon of central New Y«»rk alons: thf I'nadilla river, C - '• 

Pros St T 

Tl^e Trap Ihk.x of ilir I.uk. n\amplain K.-irion. By. J. F. K>"^/' 

and \ V M.nxirtx [ . > Im.i- Sur\.>. Bull. l(«. «'> jw^es. 4 plJ* ^<'^ 

l.y»:{ 
'V\w Ki\ipn\r and >«'dJm''H!ar> K.H'ks t»n Pi m^on Point. Minnesota, 



liecent PuhlicaftoHn. 127 

and their Contjict IMu'ttomrna. Hv. W. S. Havl»'\ . I'. S. (M)l. SurvfV, 
Jiull. 109, 121 pagfs, 8plHt«% 1893. 

Annual Rc^port of the Smithsonian Institution, 1892. contains: Cieoloj;- 
ical chanp«' and timo, Archibald CJciki**: (icolo>fical history of the Yel- 
lowstone National Park, Arnold Hajrue: Soaping geysers, Arnold Hague: 
Continental problems of geology, G. K. Gilbert: Crystallization, G. I). 
Liveing: The rejuvenescence of crystals, J. AV. ,1ud(l. 

The relation of biology to geological investigation. By C. A. White. 
Kept. U. S. National Museum for 1892, pp. 245-308. 

Note on a blue mineral, supposed to be ultramarine, from Silver City. 
New Mexico. By R. L. Packard. Proc. U. S. National Museum, vol. 
17, No. 978. 

Forty-fifth Annual Ii<»port of the Regents of the New York State 
Museum, for the year 1891. contains: Report on a deposit of marl and 
lK*at in the town of New Baltimore, W. B. Marshall: ReiH)rt on the de- 
velopment of the Salt industry of central New York for the year 1891, 
I. P. Bishop: also the papers listed under the 11th Report «)f the State 
(ieologist. 

Forty-sixth Annual Re ijort of the same, contains: Pai>**rs listed un- 
der the 12th Report of the State Geologist. 

Twelfth Annual Report of the United States (ieological Survey, Pt. I 
((ieology), c<mtains: Report of the Director,.!. W. Powell; Administra- 
tive Reports: The origin and nature qf soils, N. S. Shaler: The Lafay- 
ette formation, W J McGee: The North American continent during 
Cambrian time. C. 1). Walcott; The eruptive rocks of Electric jx^ak and 
Si'pulchre mountain, Yellowstone National park, .1. P. hidings. Part 
11 is devoted to Irrigation. 

[I. l^ocerdingn of Scientific SorietieA. 

Annals of the N. Y. Academy of Scienci»s, vol. 7, nos. (J-12, March, 
1894, C(uitains: The granite of Mounts Adam and Eve, Warwick, Or- 
ange county. N. Y., and its contact phenomena, by J. F. Kemp and 
Arthur Hollick, with an appendix containing a list and bibliography of 
the minerals occurring in Warwick township, by Heinrich Ries. 

Bulletin of the Geological Society of America, vol. 5, pp. .51.5-(MJ5, 
contains: Ea.stern boundary of the Connecticut Tria.ssic, W. M. Davis 
and L. S. Griswold: PleisUicene pniblems in Missouri, J. E. Todd: Pro- 
ceedings of the sixth annual meeting, held at Boston, IVc. 27, 28 and 
29, 1893, H. L. Fairchild: Geological writings of Alexander Winchell; 
Geological writings of Charles Albert Ashburner. F. A. Hill: Geological 
writings of David Honeyman, J. G. Mc(«regor: Geological writings of 
George H. C^xik, .1. C. Smock: Geological writings of Richard Owen, .1. 
Stanley-Brown; Ft)ssil flora of Alaska, Frank H. Knowlton : .lohann 
David Schoepf, and his contributions to North American geology, (i. 
H. Williams; the later Tertiary lacustrine formations of the West. W. 
H. Scott; Volcanite, an anorthoclase-augite rock chemically lik«' thi» 
dacites, W. H. Hobbs: (ieographical work for state g«'(>logical survi'vs. 
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AV. M. I)a\ is: thr anciriit strait at Xipissiiij:. K. li. Taylor: MicrosiMpic 
.stnirturi' of silicioiis (»<*)lit«*. K. (). H<»v«»v. 

///. PajtrtM in Sruhfi'Jie Jtmruah. 

Am«'Pican JtMirnal of ScioiKM*. .'{. vol. IT. May. IHIM, contains: ()hs»»r- 
\ati<nis on th»' derivation and liomolo^'ifs of som** articiilatcs, J. 1). 
Dana: Crystallization of hiTderilr. S. L. PtMifh'ld: Additional noli' on 
leucitf in Sussex Co., N. ,1., ,1. F. K»*mp: Phcniolitic rocks from the 
Black Hills. I^. V. PIrsson: iifiu'ral structun' of th«' main axis of the ^ 
(iHM'n Mountains. C. L. \VhittI»': Notes on apparatus for th<* ^»^i>lo*ricHl ^ 

laboratory. .1. K. Wolff: Diversity of the (ilacial drift alonjr its bound- 

ary, Warren Cpham: (iasi's in Kilanea, W. IJbby, .Ir.: Prf'Sence of wa- - . 

ter in topaz, I*, .lannasch and .1. Locke: Chemical com|)osition and re- — . ^. 
lated physical projM^rities of topaz. S. L. Penfield and .1. C. Minor. Jr.r _^. 
Restoration of Kloiherium. O. C. Marsh: New Mi(»c<>ne mammal, (>. ('. •^ ' 
Marsh. 

American Journal of Science. .*{. vol. 47, June, 18tM, contains: Note -^^ ^s 
from the Hermudas. Alex. Ajrassiz: Discovery of IX»vonian rocks inCal^ _i. 
ifornia. J. S. Diller and Chas. Schuchert: Heaver Creek meteorite. F T * " J C 
E. Howell. AV. Y. Hillebrand, and G. P. Merrill: On allanite crystar ^is 
from Franklin Furnace. N. J.. A. S. P^akle; On argyrodit** and a ne- — w 
sulphostannate of silver from liolivia. S. L, Penfield: Notes on the ^>V^ ^Id 
ores of California. H. W. Turner: A recent analysis of Pele's hair air ^id 
a stalajrmite from the lava caves of Kilauea, A. H. Philliits. 

The Journal of (ieoloji^y, vol. 2, No. 3. April-May, 18J)4. contains: Tl 
oil shales of the Scottish Carboniferous system, H. M. Cadcll: The Ci 
taceous rim of the Hiack Hills, L. F. Want: On DipIog^raptidH*. La. 
worth, Carl Wiman: (Jeoloj^jcal Surveys in Alabama, E. A. Smith: T" 
su|)erflcial alteration of ore deposits. K. A. F. Penrt»se, Jr.: Studies 
students: P>osion, trans|N)rtation and sedimentation |)erformcd by t 
atmosphere, J. A. Cdden. 

American Naturalist, June. 18i)4, contains: A j^lacial ice dam amL^V 1 
limit to the ice-sheet in central Ohio, W. (J. Tijyrht. 

National (ieo^rraphic Majrazine, vol. «, pp. (J:M28, May 23, 1894, cc 
tains: (ieomorpholo;ry of the southern Appalachians, C. W. Hayes 
M. U. Campbell. 

71*. ErrcrptHdml hidiruhtitl PubUrathnu, 

The work and scope of the (ieolojrical Survey. \\\ C. R. Keyos. In 
Geol. Survey, vol. Ill, Ann. Rept. for LSJKl, pp. 4T-J)8. 181>4. 

Sketch »)f the coal de|M)sits of Iowa. By C. R. Keyes. Mineral " ^^' 
sourcesof the Cnited States for 181>2, pp. i:iS-U4. 18»:i. 

Natural iras and oil in Iowa. Hv C. R. Ki'ves. 

Creiacious forniaiions of n(»rthwest«'rn Iowa (abstract). Ry C K. 

K«'yes. IVoc. I«»w:i Acad. Sci. for ISIKi, vol. I. pt. 4. pp. 24, 25. 

Derivation of the I'nio fauna of the northwest. Rv C. R. Keves. P mriK\ 
Iowa Acad. Sci. for ISD^. vol. 1. pt. 4, pj). •>(>-21). 

\'ertebrata from the Neocomian of Kansas. Ry F. W. Cragin. V i fth 
Annual Pnl>licali<)ii of the Ct»lorado College Scientific Society; 4 pa. j^'*'*. 
1S!)4. 
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Siructun* of thf Mvstic conl basin. \\\ H. Foster Haiii. I'roc. Iowa 
Acad. Sci. for ISIKI vol. I, pt. 4. pp. WW-WiS. 

Si^oiirney <b*ep well. \\\ H. Foster Main. I'roc. Acad. Sci. for ISJKl. 
vol. I, pt.4. p|.. :{6-H8. 

Muir CJlacicr. I5y S. P. Haldwin. The Lehij^li Quarterly, vol. II, no. 
l,pp. :J-12, Jan.. 18J)2. 

Noteson the lower strata of the l)(>vonian series in Iowa. U\ \\ . II. 
Norton. Proc. Iowa Acad. Sci*. for ISIKJ, vol. I, pt. 4, pp. 22-'24. 

The zinc-ore-deposits of southwestern New Mexico. \\\ AV. P. Hlake. 
Trans. Amer. Inst. Mining Knjrineers, Virjrinia lieach meetinjr, Feb., 
18J)4: 1» pajres. 

Memoir of Ferdinand Vandiveer Hayden. IK ('. A. White. National 
Acad. Sci., pp. iJi)5-4i:j. 1894: with tM>rtrait. 

Additions to the palaeontology of the Cretaceous formation on Long 
Island. By Arthur Rollick. Hull. Torrey Mot. Club. vol. 21, pp. 41M$r), 
7 plates. Feb. 1894. 

Some furthur notes on the geology of the north shore of Long Island. 
By Arthur Hollick. Trans. N. Y. Acad. Sci., vol. 13. pp. 122-1:^2, 1894. 

The Rensselaer grit plateau in New York. \\\ T. Nelson Dale. 1.3th 
Ann. Ropt.. V. S. (Jeol. Survey, pp. 291-340, pis. J>7-1()L 1894. 

Facetted lobbies on Cai)e C(h1, Mass. \\\ \V. M. Davis. Proc. l^)ston 
Soc. Natural History, vol. 20, pp. 1()C-17."), 2 plates. 

A summary ui progress in mineralogy and i^etrography. Hy W. S. 
Hayley. From monthly notes in the An\erican Naturalist: (leological 
Depl., Colby University, Watervllle, Me., 18JM; price iVO cents. 

An orbicular graniti* from Quonochontogue Heach. Rhode Island. 
IK J. F. Kemp. Trans. N. Y. Acad. Sci.. vol. 13. i)p. 140-144, pi. 2. 
1894. 

Notes on the Lower Coal Measures of western Clearfield county, Penn- 
^iylvania. By ^. F. Kemp. School of Mines Quarterly, pp. 349-353, 
•July, 1893. 

A Pleistocene lake-bed at Kli/.abetlUown, Kssex county. New York. 
IK Heinrich Ries. Trans. N. Y. Acad. Sci.. vol. 13. pp. 107-109, Nov., 
J 893. 

The old Telegraph mine. Bingham Canon, Utah. By Clarence Fen- 
ner. SchcM)l of Mines Quarterly, pp. 33r>-3(H), .luly, 1893. 

Illustrations of the fauna of the St. John group, No. VIII. By (J. F. 
Matthew. Trans. Royal Soc. Canada, Sec. IV, 1893, pp. 85-121), 2 plat«*s. 

Urowth of Iowa's coal industry. JK C. R. Keyes. Iowa Weather and 
Crop Service, vol. IV, no. 12, pp. 5-7, Dec, 1893 

What the Iowa Geological Survey has been doing. By C. R. Keyes. 
Iowa Weather and Crop S«'rvice, vol. V, no. 1. pp. 4-"], Jan.. 1894. 

The geological mapping of Iowa. By C. R. Key«»s. Iowa Weather and 
Crop S<»rvice, vol. V. no. 2, pp. 4-0, Feb., 1894. 

Southern e.xtension of the Cretaceous in Iowa. By K. 11. Lonsdale. 
Proc. Iowa Acad. Sci. for 1893. vol. I. pt. 4, [»p. 39 43. 

ToiKigraphy of the granite and iMU'phyry regioti of Mi.s.souri. By K. 
H. Lonsdale. Proc. Iowa Acad. Sci. for 1893. vol. I. pt. 4, pp. 43-4S. 
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Prooi'ss of formation of (MTiaiii (|UHrt/.iU*s (absiracl). Hy ('. U. 
K»*yi»s. Proc. Iowa Ara»l. Sri. for 1S1>:J. vol. I, pt. 4. pj). 2t)-I{|. 

Iowa jrypsum df posits. \\\ V. U. K»\v«'s. Iowa WVathor aiul C'n»|) 
S«rvicr. vol. IV. lu). W, pp. 2 4. March. IHOa. 

Thf j?i*(>lo«ry of th«* proposed tuiiiii'l !iiHl«»r lh<* Xorthiinib«*rIaiid Strait. 
\\\ R. W. Klls. Trans. R.iyal Soc. Canada, S«»c. IV. 189:J, pp. 75-^. 

I'opular Lt*ctiin*s and Addr«*ss»»s. \\\ Sir William Thomson (Hanm 
Ktdvin). Vol. ii. (iiMihijry and (icncral Physics. ."iJM) pa>r«»s, I2mo: Mac- 
millan & Co., 18J)4: pricr *-i. 

r. Foniffti Pubh'ratiomt, 

Sv«'rijr«*s (i»*olojriska rnd»*rs;)kninjr. S<»r. (\ Afhandlin>far och V|)|isat- 
st'r, contains: No. 112. Svi'ri>r**s kambrisk-Siluriska Hyolithicla* <)ch 
Conidariidji* (with an Knjrlish summary), pp. 1-UM). « plates, (iorhard 
Ht)lm: No. IHJ. ()m kvartsit-spara>rmilomrAd»*t i Svi'Hjfes sydlijra 
fjelltrakter. pp. l-2t). A. (i. HOjrbom: No. 117, Hidraj,' till kftnnp<iom»*n 
om (If ^laciala fOn't<*els»*rini i NorrlwUten, pp. l-IW. 1 map. K. A. FrkI- 
holm: No. IIS. Skotska byjrtfnadssftlt fOr naturli^ st4*n, pp. 1-H». I 
plate. Hjalmar Lundbohm: No. 219. A^ronomiskt botaniska studi>>ri 
norra Dalarne An-n ISIM) .»ch IMIM. pp. 1-(K), A. (i. KWIgren: No. 13'. 
rnt^Tsuchiinp'n fiber f(»ssile llol/er Schwedens, pp. 1-lM). 11 plHt«»s. H. 
Conwentz: No. 121. Om mynninpMi hos Lituites. pp. l-4<», :J plaH's, 
(Jerhard Holm: No. 122. M('ddeland(>n om jordstOlar i Sverijje. II, |>P- 
1-22, K. Svedmark: No. 12:{. Anteckninjrar fr&n en i praktiskl syftt* 
f6n*ta>r(*n jreolo<risk resa i Vesterbottens lAn, pp. 1-14, Alb«*rt Hlombenr: 
No. 124. Stiidier ofver de jrlaciala afla^rrinKHrna i I'pland, pp. 1-24. 1 
plate, A. («. HOjrbom: N«). 12'), Om skirfern med Clone »jrpapt us tenellu.'i. 
(less fauna och jreolo;:iska Alder, pp. 1-10. 1 plate, .1. C. Moberjf: ()in«*n 
nyu))ptikckt fauna i block af kambrisk sandsten. pp. 1-lS, 1 plate. J. <'• 
Mobcr^: Om nft^rra nya jrfaptoliter frftn Sk&nes undre grraptolitskitf'T, 
pp. 1-18, 1 i)late, J. C. Moberjr: Till fr&>i:en om pvjfidet.s byjfjjCiiaU 1h« 
Ctenopyjre iM»cti*n, pp, 1-.'), .1. C, Molwrjr: Om dom af Trinuch'us cos- 
cinorrhinus AnjLT. karakteriserade kalkens ^eolojfiska Aider, i)p. M, J- 
C. Moberjr: No. 120, Om b<«r>rjrrunden i Norrbottens Iftn och ulsijrlerni 
till brytvftrda apatitfOrekomsler derstAdes, pp. 1-451, I map, Fn^lr. 
Svenonius: No. 127, ApatitfOrekomsler i Norrebottens malmb«*rg, PP. 
l-:^8. Hjalmar Lundbohm: No. 128. Om mArkiMi ef ter IsdAmda sjOar 
i .lemtlands fjellirakler, pp. 1-22, 2 plates, A. J. HOjrbom: Om inte^ 
^laciala aflajrrinj^ar i .lemtland. pp. 1-17. A. (i. HOgbom; No. 1^11. 
Om st«*ninduslrien i Fon-nta staterna, pp. l-;i2. Hjalmar Lumlbohtn: 
No. VM, Hidrairtill kAnnedomen (mi la«r(*rfOljden inom den kambriska 
sandstenen. pp. 1-17. N. o. Hoist: No. l.'Jl. Praktisk «eoloj?iska undfr- 
s(>knin^ar inom Hallaiids liin: Ui'skrifninjr liH Kt?(>l()>risk jordartskarta 
ofver Hallands Iftn. (ierard l)e («ei'r. .1. .lOnsson, P. Dus^n and Th. 
Palmber^r: Heskrifnin^' Ofver b«'r»r^runden inom HallandslAn, pf)- l'^^* 
E. Svedmark: No. Kt2. Om Rerjrjrrunden i V<»sternorrlands kusttrakt'T- 
pp. I{-8. Hjalmar Lundl>ohni: Om iM)starkAiska eruptiver inom <^''^ 
svenskfinska nrb«ry:et. pp. !)-in, 1 plate, A. (J. HOj^bom: Om (I«* s- '^^ 
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ur^rraniternH i lIplaiuL pp. 41-74, A. (i. Ho^'bom; No. 133. Om cl«* iK)r- 
fyriska jr&nj,'bor^'artorna i Ostra Sm&land, pp. 1-28, Otto NordfiiskjOld; 
Xo. 1:54, Om hasselns fomtida och initida utbrodninj? i Sverige, pp. 1- 
32. n«»rma!i HedstrOm. 

The (ilacialists' Magazine, vol. 1, no. 7, Feb., 181)4, contains: Sec- 
tions in the drift at Shelton, Hanley, F. Harke; The cause of the ice 
age. abstract of paper by Marsden Manson: The great submergence, 
E<lward Hull. 

Mathemalische und nalurwissenschaftliche Mittheilungen aus den 
Sit/ungsb. der k. preussischen Akad. der Wissens. zu Berlin, Heft viii, 
Oct., 1893, contains: Die (iliederung der ober Kreide in Friaul, Karl 
Futterer. 

The same. Heft ix, Nov. 1803, contains: Sulfoborit, ein neues krys- 
tallisirtes >k)rat von Westeregln. H. HUcking. 

The same, Heft .\. Dec. 181)3, contains: Ueber die (iliederung der 
FlOtzformationen Helgolands, W. Dames: Mittheilungen zur Kennt- 
nis.s der regulftr krystallisirenden Substanzen, Ludwig AVultt*. 

Viertel jahrsschrift der Naturforschenden (lesellschaft in Zurich, 
Jahrg. 38, Heft 3-4. 1893, contains: I'eber Neocomian-Versteinerun- 
gen jius dem Somali-Land, C Mayer-Kymar. 

Zeitschrift der Gesellschafl fOr ?:rdkunde zu Herlin, Hand :W. 1893, 
No. 5. contains: Devonische Versteinerungen von Lagoinha in Mato 
<«rosso (Hrasilien), Ludw. v. Ammon. 

On the sequence of perlitic and spherulitic structures, a rejoinder to 
criticism, Frank Rutley. Quart. ,Tourn. (ieol. Soc, vol. .>0, pp. 10-14, 
1 plate, 1894. 

Anales del Museo Nacional de Montevideo, I, 1894, containf>: Mem- 
oria geohSgica sobre la formacion del Hio de la Plata, D. A. [-.arrafiaga. 

Bulletin de la Societe des Sciences Naturelles de I'Ouest de la France, 
Tome 3, No. 4, contains: Additions a la Hore eocene du Bois-(iou6t, 
VA. Bureau and N. Patouillard: Notice explicative de la Feuille geol- 
ogique de Vannes, C'h. liarrois. 

Bulletin de la Societo Geologique de France, 3 Ser., T. 21, 1893, No. 2, 
contains: Note sur les ph^nom^nes de recouvrement des environs de 
Toulon, Ph. Ziircher: Recherches sur le L<>)iidodendron selaginoides, 
Sternb., Maurice Hovelacque: Sur le Tertiaire sujierieur de I'Algerie, 
M. Peron: Allocution presidenlielle, Michel Levy: Rapixirt sur le prix 
Fontannes, Marcel Bertrand: Note sur un gite cuivreux d'origine vol- 
canifpie du Caucase meridional, M. Cluifn'r: Notice geologitpie sur les 
environs de Menton, iJ. Baron: Note surli's genres Trillina et Linderina, 
C. Schlumberger; Sur le Permien du massif de la Vanoise. P. Termier; 
Le Quaternaire du maz d'Azil, M. Tardy. 

The same, 3 S6r.. Tome 21. 1893, No, I. contains: Sur un gisement 
d'ammonites dans le Lias calcaire de I'Oi.sans, 1*. Termier and W. 
Kilian; Sur la g^ologie des environs de Bugarach et la craie des C\>r- 
bi^res, A. de (iro.ssouvre: La fauna de Pikermi a Amberieu (Ain), ^l. 
Boistel: Sur le gisem<«nt et la signiticalion des fossiles Albiens des Pyre- 
nees occidentah'S. M. Stuart-Menti«ath: Note sur le Cambrieii de I'He- 
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nmlt «('Hinl>riaii .iii^rlais). P. (i. d** KonvilU*: Nol«*s paU»<>nlol<i^'i<|iii-s. J. 
Hrrir«'rnn, 

(M'olniriska Fort'iiinL'.'iis i Siockliolm ForhuiKllinjrar. Hand Hi. \o. 
l.V). .Ian.. I.SIM. contains: Oni binlnirisk nndt'rsoknin^' af l»'r<»r o. s. v.. 
HiMir. Muntlit': Om nonlv&sira Kam<'rnnomrii(l(>ts pMilo^i. IV Dusen, 

TIm' sanu:. Hand 1<>, N<». |.">f», Fi-b., IHIM. contains: Knopit, rit 
prMwskit narsiA.-ntlt', n\ ti min«'ral frftn Alnon. I*. ,1. Holni<inist: Flnit- 
linlnicn i sjon Ualftn;:«'n, Victor ()h»*ri:: Tvjinnc n\ iippti&rkta '<v<Misk« 
kloly:ranitcr. ll«'l!:»' Hiickstrom: (i&n«rformi«ra malmbildninjrar i Norr- 
Ixittrn. a. Liifsirand: Oni kcntrolil ocli mclanotckit. (i. Nordfiiskiold. 

/I'itschrift fi'ir praktischc (iccilo^ric. March. 18(M. contains: (m'oIo- 
•riscln' Spccialaiifnaiiin*' v(»n Itaiicn, Aii«rnsto Stella: l)i«' Ziiik- uml 
Mli'ij'r/brrirbain' l>t'i Knbland in rnt«'r-Karnt«Mi. \i. Koscnicchfr: S<'tz«' 
die S:iarl)riick»*r St«*ink<»hl«'nformati«»n vint»*r dcm pnil/isctuMi l).'rkir<- 
l»irir»' fort .'. I.. Uoscntiial. 

Natural science in .Japan. H\ F. A. Itather. Natural Sci«'ii(v. vol. 

IV. pp. li>--ir». iKs-111. is:m!i:i. 

Notes on tln' occnrnMice of mammoth-remains in the Yukon disirici 
of Canada and in Alaska. Hv (i. M. I)a\vs<»n. (^uart. Jour. (J«*<il. S<»<'" 
Nol. I. Fel>. ISIM. !> paires. 

Lunds I'niversitels Ars-Skrift, tom. XXIX. ISiri-a-J. cc.ntains: ()l>s«r- 
\ at Ions on the structure of some Diprionida*. Sv. LiMUih. Torntjnisl. 

The i»colo^M<-al Mairazine. April. iSiM. contains: On the slructur 
and afllnities of the irenus S(»leno|M)ra. tojreiher with d«*.scriptioiis<»f »♦** 
species, .\le\. Urown: On the sand-irrains in micaceous jrneiss fn»ni tli«' 
St. tiothard tunnel, and «»n some other ditticulties raised by Pn>f. 1^'"' 
ne\ . F. M. Staptf: The Mammoth aire was conti'm|H»rary with th«' Hir<' 
of thejrreat irlaciers. II. H. II(»wort]i: Further remarks on the Tertiary 
(F.ocene) insects from the Isle of Wiirht. anti on others from the h\ns 
and Coal-.Measures. IV |i. Ilrodie: Ctirdierite in the Lake district. Alfred 
Marker: .lur.issic amnnuiiles, n«»leson a pami)hlet by Dr. Kmle Hrtuu. 
S: S. Muckinan: Pres.r\alioii nf fossil plants, .\. ('. S<*\vanl: The irn-al 
•lapaiies*' i-arlhjpiaki'. .loseph Prestwiidi. 

Ix'ejMirt on Mouni Moriran uold d»'|Misils. \\\ U. L. Jack. K«'i»riiH«'d 
l.ir the Moniii Mor::an Minini: iompany. Limited, from an (dlici"' 
II pnit onh-retl l»\ ih.- L»'':i>lat i\e .\ssfmbly t«>be printt>d. Nov. *21, l-**^*- 

• • « 

The Kmunms I'liivrNiiN (^>uart-rl\. \ol. 1. No. :{. Jan.. ISiU. contains: 
IJ.jHUi nil liehl \\.»rix in ue.'loi:\ f..r tl»e season of ISiKl. b\ ih»- d'-psr'" 
ineiii of ph.NNiral u-'ol^iiN :ind nnneralo::\. Fniversity of Kansaslif'" 
ijiiMiN noh-N. !■:. n.i\\\.rth: K-iativ.- xahh- of Iimesti»ne. siindstone «"•• 
•.half lor sti;jii::raphic work in Kan>as. K. Ilaworth: A ;rc{dt)irlcai s'"'"" 
iiMh aloiii: the Neosh,. ri\rr from the Mississippian series in the India" 
T.rnton i.» White Ciix. Kansas, and ahiUL' the ( '«il ton wimmI river fn»tn 
\\ N.Uoil In P.ab.HlN. K. Haworth and M. /. Kirk: A ir«M)l()>ric sedio" 
al/.n- the \ fnliirriN rixer from ih.' state line to Madison. K. Haworli 
,111,1 \\ II II Pi.iii. A i;e«:l.»i;ic si-ction ahuiir the A. T. iV: S. F. K- h 
liMin ('ii'-rrvva!.' to Lawnnc. ;ind from i>tta\va ti» Holmlay. K. H:«^^" 



CorrcspomJe/tce. 133 

Drth: Krsiime of lln* .slrHtijrrai)h\ of cHSti^rn Kunsas. K. Haworth: Th<» 
lopdjrraphvof «»astPMi Kansas, K. Haworlh: Surfacf* jrravi'ls in casttTn 
Kansas. K. Haworth). A ;r«'«)l()^ical nn'onnoissanc*' in soutliwcstiTn 
Kansas and No Man's LhihI. K. (\ Case: Traces of a jrlacit'r at Kansas 
C'it\ . Mo., K. ('. Case: X«*\v jreniTa and spccios of Dolichopodidie. .1. M. 
Alfirich: l)«*sfriplions of North American Trypi*ti<ia». with notes. Part 
I, \V. A. Snow. 

The School of Mini's Quarterly, vol. lo. no. 2, Jan.. 181)4. contains: 
Acjinthite from Colorado. A. H.Chester; Indi*.\ \o mint>ralo^ical litera- 
ture, A.. I. Moses and L. Mel. Liupier. 

Johns Hopkins I'nivi'rsity Circulars, vol. V.l, No. 1 Ti. May, 181)4, con- 
tains: On the attractions of crystalline and isotropic masses at small 
distances (abstract), A. S. Mackenzie: Notes on crystals of scaix)lite, 
ir>psum and fayalile recently ac(piired by the Cniversity cabinet. (i.O. 
Smith: Note on an apntiti' crystal from Alexnutler county. \. C. [.•. M. 
Prindli*. 
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TitlLOBITKS IXTIIK '*()IL-K<K'K" HoHIZOX OK TIIK TrKXTOX LiMKSTONK. 

The I'piM-r Hlue limestone member of the Trenton jrroup in the lead re- 
«;ion of Wisconsin is jreni'rally highly fossil iferous. There are, however, 
considerable local differences in the «rroupin;r of ^renera and S|H*cies, and 
esiM'cially as to<piantity and condition of preservation. At (me of the 
mines of lead and zinc ore of the Wisconsin Lead and Zinc Company in 
the township of Shidlsburj,'. Lafayette county. I have recently found 
s<'v»'ral siM'cies of trilobites in a remarkably jrood stat»' of [ireservation, 
and showinir ch'talls of structure not usually seiMi. Thus, aside from the 
interest attaching; to the discovery of so many of these organisms in 
close as.sociation with lead and zinc ores, the locality promises to afford 
valuable material to the s[)ecialists who are now investipitinir the struc- 
ture of trilobites. and who have of late so irreatly extendetl our knowl- 
edlTe of it . 

The ♦renus CcmurffM is the m.)';t freipicnlly represriiteil. In most of 
the s|M*cimens the shell remains in the rock, but in an extremely soft 
and frairile condition, white and chalk-like, much res«'mblin«r e«r«r shell, 
but n«it so hard or tou<rh.* Hut all the minute details of the shell are 
w«'ll preserv«*d and may be s»*en not only upon the shell, when it can be 
sav»'d, but upon thi' casts in the rock, both above and below. It is not 
possible to obtain c<»mplete intlivlduals. but in breakinir up the rocks 
wlifre many of the fossils are trroupinl to^rether some frasrmeuts exhibit 
one |M>rtion and some another, so there is little difficulty in makin*: out 
the entire struclun*. 

The cephalic iwrtion (»f CerauruM is tlu' most abundant. Then- ap- 

•Fragnienta are rapidly dissolved with effervescence by hydrochloric acid. 
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iM'ar to b«' two s|M'cifs: oin' of th»^m is probably C plfJirejrantheiuint: the 
othi»r spt'cit's. which rrmaiiis un(h>t(*rmin(Hl. is smaHcr aiul h*ss abun- 
dant. It is not certain to which of tlu*si* sp«'Cif*s thocatidal spinas found 
associaU'd witli tli»*in shouhl b«* n'f«'rri'd. 

Then* an» two other trihibites: one is a small species, apparently a Ihtl- 
iiuiniti, of which the py<;idium alone is found: and the other is supjHjsed 
lo be a s|M'cies of Kin'rimiriiM, also in fraji^ments. Another form dilFers 
from any d«*scribed in tln' Wisconsin re|M)rts, being less rotund and 
showing th«' three lobes by slight dejiressions in the sin<N)th surface* of 
the pygidium. Tin* oullim* is parabolic. The axial or nnedial lobe is 
fully one-third of the brt>adth. anteriorly, but it taiH»rs rapidly |)osteri- 
orly, with th«' sides incurved. This axial lobe* is only slightly convex, 
but the lateral lobrs slop*' downward steeply toward the nnargin, thus 
presenting an outline in cross-section very different from any figured in 
the Wisconsin ri'porls. I^ossibly these should be referred to AnaphuH, 
The form of som»* of th«* fragm«'nts of the cephalic shield favors this 
view. 

Amongst the otlH*r associat»*d fossils in ag<j<Ml state of preservation are 
two or three s|M*cirs of Orthui and Murrhii^tnia; i>ne i)f OrtliorernH; f-ffpri- 
nirdittM, Raptiu^toma, Ifpotit/ttM, SfrfptelaMma, and encrinal stems. Thest^ 
may not all be fr«)m on«* stratum, but they are thrown out from the 
same mine and are at least in neighboring layers and contiguous to a 
de|H)sit of galena in a layer with calcite in a blue clay. The horizon of 
all the fossils is the ''oil-rock" or bituminous shale series of thinly bed- 
ded limestones, at the toj) of the Hlue limestone of the Trenton and at 
the Ijase of tin* (ialena dolomitt*. 

I have not bei'ii able to find any trace's of antenna^ in connection with 
the trilobites. Then* an* many obtuse conical fragments, beautifully 
facetted. supi)osi'd ti) be the eyes of the sfiecies here referred provision- 
ally to hjiicrinuruH ov Awip/n/^*, supiH)rted on gracefully shaiK'd i><*duncles 
rising from the smooth surface of thin plates. 

The siH'cimens 1 have ctillected need examination by comix'tent au- 
thority, and it will give me pleasure to submit the collection to any 
specialist wh(» will undertake to describe the sjx'cies for t>ublication. 

Wm. p. Hlakk. 

Ifdfmi Mill, S/nfflji/juff/ ftnrn.'</tij), Wijtfon^^in, June *(K IS94, 

Thk Kock Basin of ('avi:(;a i.akk. A paper on this subject by 
l*rof. R. S. Tarr. was read Ix'fore ihe (Jeological Society last IK^cember, 
and is published in the Bulletin of the Society. As it touches uiK)n my 
investigations, 1 have a word or two of comment at present. He bases 
his conclusions on certain lateral phenomena, antl compares th«' former 
slofM* of the drainajre with the [jpesenl laki* level. In this pajM^r he says 
that the greatest depth of the lake is A'.\7) f«*ei, being near the si>uthern 
end. Now, Mr. Mcdee has shown that the late terrestrial deformation 
along the upper Susfpiehanna riv»»r is three feet to the mile to the north. 
1 have shown the same to occur in the Niagara district, and Mr. Gilbert 
and myself have shown this or greater amtmnts at the eastern end of 
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lake Ontario. Prof. Tarr ignores this tiltinjf, jet it has backed the Ca- 
yiipi water to a depth of over 100 feet at the southern end of the lake. 
Therefore his data for comparing the ancient slope of the valley will not 
stand. With this warping removed, the lake would be reduced to a 
maximum depth of about 300 feet. I have been informed by well-borers 
that north of the lake they have jienetrated to a depth of 200 and 300 
feet without reaching rock. This statement 1 do not think Prof. Tarr 
has denied. Under these conditions there is no known rock basin at all, 
to have been excavated by glaciers. If his evidence of glacier erosion 
holds g(K)d, he must amend his thesis to glacial **erosion of valleys" and 
not "basins." 

Prof. Tarr also concludes that lake Ontario may be a rock basin, be- 
cause he Ihinks Cayuga basin to be one. This I am willing to concede, 
although his present proofs do not make it sure that lake Cayuga occu- 
l»ies a rcjck basin. Hut again let me call attention to the fact that iif 
places the St. Lawrence river channel is filled with drift to a depth of 
240 feet, so that the nearest rocky barrier closing the lake is only 500 
feet above the deejn^st sounding of the lake. Now the recent warping 
of the earth's crust in this region far more than accounts for such a 
barrier. Consequently, when the cause of a barrier is known, and can 
be demonstrated as often as necessary, there is no need to api>eal to the 
glacial excavation of the basin, even if the old vallex- had been chan- 
nelled by ice, the course of which was oblicjue to the .southern walls of 
the lake. J. W. Spencer. 

Julyoth, 1894. 

The A(je of Xiagaka Fali.s. This note is written simply as a pro- 
test against anyone forming a c(»nclusion as to my work on the history 
of the great lakes, or forming judgments of the history of the lakes 
th»»mselves, u|K)n the .strength of Mr. I'pham's citations (Am. Geolo- 
oisT, July, 1894) from my writings. It was 1 who first surveyed the Al- 
gonquin beach and found that it proved that there was no connection at 
that time with th»' Erie basin, but that there was a northeastern outlet. 
From th«» pre.sent outlet of the lake I surveyed this beach for about 500 
miles, and in my pafM'rs I not only stated that the Algoncpiin beach 
crossed what is m>w the (Uitlet of lake Huron below the present lake sur- 
face, but alst) mapiM*d it. Yet Mr. I'^pham now says: "Careful study of 
Prof, .1. \V. S|H?ncer*s maps .... of the Huron and Krie shore lines con- 
vinces me that tlu» outfiow of lake Algoncpiin at the time of .the Nii>is- 

sing beach went by way of the present St. Clair and Detroit rivers " 

The very op]M)site is shown in my papers, and, if not, field observation 
not only of the Algompiin but several lower beaches would show th<' 
northern outlet adopted by (Jilhert and myself, who were the first ob- 
servers in th»* region. 

This is not the first time that I have had reason for replying to Mr. 
Upham when using my w«)rk, although it is the first time I offer a 
printed criticism. His method of reasoning is a priori to maintain that 
thedi.scharge of the Niagara has always been equal t4>thatof the present, 
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a^niinst which hi> can liiid |ii>'ii1\ nr pHHtl' in thi* flchl. H<* nlwi wHlM 
or tin* ChicaL^n mititi nf !h«';rri'at htki's. and hi'n* a«raiii. had he Htudi6i^ 
mv |m|N'rs, h«' would haM* sfcn that sr\i*ral lx*uciii'K an* l<»w**t than the 
pn'srni snrfa<*»' i»f ihi* IhsuI of hiki- Michiiran. — siihmcrjr»*<l. in Rhort,^ 
at h-vcls hiirhiT than ili*- drowufd Aliroii<|inn or Nipissin^ iM'Hch (as he 
calls it). Also hf savs that scM'n-i>i<jhtlis <if lh«* Aivon(iiiiii uplift in the 
Nipissin*: rcirion t(M>k placi' hi'I'on' the hirtli of Nia^nra. I should like 
to know the irrounds for tliis calculation, fur rny computalionR, baaed 
on the actual >urv*\\s nf lH-ach«'s show that onlv onc-Hflli of that uplift 
was iN'fort' till- hjrth of Niatrara. and that thi> ajrc of the Niagara falla 
is indicati'd to Im> alntut .'i'i.tNNi \<-ars. Mr. I'lihaiirs pa |M*r in misleading, 
so far as an\tliin<r i haxi* d<tn<> in sur\rvs of the hikes is roiiciTned: but 
1 dislike to criticise anx writer, and t'S|N*ciall\ befon* all thi* ivAultR are 
pnhlished, for thep' ari- otiicr phenomena titat cannot )m' explained a wa}' 
h\ // fH'i'nn' reasiiiiinir. 

One w<ird inori*: around thi* iiortlifastern thinks of the Adirondacka 
heiiches extend at lii^h li'M'ls inti> lln* ( 'haniplain valley (h lid contain no 
siiellsi. The position of tht-si> lieachi-sdisproM's any >rlai*ial dafn at that 
iocalitx. .1. \\. SpKXrKR. 
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PERSONAL AND SCIENTIFIC NEWS. 

GKoRiiK IIiNTiNcjrox Wii.i.iAM^i, ProlVs'sof of Inorgtinio Gr«- 
olo^y iti .hdins I!r»pkiiis I'liiversity and vice president of the 
(r(M)h)^iciil Si)cit?ty <»f AintM*ica, died of typhoid fever at his 
fathorV house, Ttica, N. Y.. .Jtily lith: aged 38. Prof. Wll- 
liams graduated I'roiii Amherst in 1S7S and studied under 
Hosenbiiseh at Heidelher^. wIkto he took the degree of Doctor 
of Phih>sf»phy in 1SS2; the next year he became connected 
with Johns II(»pkins and was associate professor thel'e from .j 
ISiS') to \S\)2 when he was apitoint^'ti to the chair he held at 
his death. A niiniher of the yoiint^er geologists of the coun- 
trv have studied iin(h*r him and to them, as well ns to all who 
knew iiim, the news of ills death eonies with special sadness. 
In an early niimhrr of the (lK«n.«KiisT we hope to give n more 
I'Xtended aeeotint of the life and work of Prof. WilliamB, who, 
hoth by his piihlieiition> and his teaching, has done more 
than any other individual to advance the knowledge of pe- 
tro^rapliy in America. 

At Tin: Kansas Stati: rMVKitsrr^ the whole subject of • 
strati^rnphie and physical jr'''»h»^y lias been assigned to Prof. 
Ilaworth, le;ivin«^ only pahMHitoIo^y to Prof. Williston. A 
eoHeetinti; ex))c(iit ioM t(» thr '-hnd hinds'* of Dakota has been 
made under tiie direction id' Prof. Williston. 
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[Paleontological notes from Bl'chtel College.— No. 7.3 

CLADODU8? MAGNIFICUS, A NEW SELACHIAN. 

By K. W. Claypolb, Akron. Ohio. 

(Plate V.) 

Among the latest discoveries which have rewarded the per- 
sistent search of the veteran collector, Dr. Clark, is a Jaw, or 
rather, a pair of mandibles whose characters are remarkable 
enough to deserve description, even though we at present 
know almost nothing, except by inference, of the animal which 
it represents. 

I have figured the inner surface of one of these in the ac- 
companying plate. The other is, unfortunately, broken across 
and incomplete, yet abundantly sufficient for recognition. 
They were found lying almost free on the surface of a slab of 
shale, in the valley of the Rocky river on the same horizon — 
the Cleveland shale — that has already yielded us so many 
kindred fossils. 

The right ramus, which is the best preserved, and whose in- 
ner face is here figured, will form the basis of the following 
description. So far as it affords characters, these are clear 
and determinate, but, unfortunately, no trace of teeth was 
found, so that it is not possible to affirm whether or not the 
jaw belongs to a cladodont fish. 

It is of very large size, measuring fifteen inches in length 
hy three inches and a half in greatest depth. It is a flat, thin 
plate of bone corrugated along the edge, but generally not 
*Xceeding one-eighth of an inch in thickness, though in places 
t. may be double this. A well marked but shallow fossa for 
he reception of the condyle is present, which faces slightly 
riward as well as upward. In front of this and behind it are 
Processes for the attachment of the connecting ligaments. 
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much resembling those which may be seen on the jaws of the 
existing sharks. From the hindmost point and along the 
lower edge runs a strong corrugation, formed rather by a 
folding than by a thickening of the bony plate, and this ex- 
tends forward at least two-thirds of the length of the jaw and 
gradually fades away. Outside of this and on the same inner 
face is a furrow corresponding to a strong ridge on the outer 
«ide, extending forward in the same manner and to about the 
same extent. 

The upper edge, however, shows the most obvious charac- 
ters. At a point about one-third from the hinder extremity 
commences a strong shelf or corrugation in the bony plate on 
its inner face, which is equally conspicuous on the outer side 
and ma}' be well seen in the two sections given in the plate. 
The outer wall of this shelf has been crushed in to a small ex- 
tent, but not so as in any way to disguise its form. Evidetttly 
it was the base on which was set the epithelial membrane 
that carried the teeth, and the recess in the jaw above the 
horizontal shelf served the same purpose as the similar recess 
in the jaw of an existing shark, to protect the young teeth 
and to keep them out of the way of the functional ones. The 
close resemblance between the two, Devonian and recent, may 
be seen by looking at the section of the latter given in the 
plate where the teeth are shown in place. 

The symphysial articulation is distinct, about one inch and 
a lialf in length, straiglit and retreating below. 

There are in tlie perpendicular wall of the dentiferous mar- 
gin of the jaw six or seven very slight undulations or recesses 
of the bone which may antl probably do mark the position of 
as many series of immature teetli. In that case the teeth must 
have been of large size and distant. Probably they were both. 
The intervals average about one inch each, but the vertical 
wall is rather less than an inch high. The teeth were there- 
fore limited in hight to probably about an inch. 

The reference of this fossil to Clcfdodtis is of course pro- 
visional in the absence of teeth. But its general structure 
establishes its selachian affinity, and its resemblance in gen- 
eral to other fossils from the same stratum warrants a clado- 
dont association, at least for tlie present. 

The only other fragment which was found in close proxim- 
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ity to it was H small bony plate or scute, represented in the 
figure, nearly two inehes in length by one inch wide, with 
vermiculated surface and evidently external. If this is really 
a part of the same fish, as seems highly probable, it indicates 
a much coarser dermic armor on at least a part of the animal 
than the ordinary shagreen of the sharks; but in the existing 
uncertainty on this point it would be useless to pursue it 
further. 

Taking the present fossil in connection with its related 
forms which have been described in previous numbers of the 
American Geologist, we can gather one or two important 
facts in regard to the fishes of the Devonian era in Ohio. While 
their kinship with the existing sharks is obvious, they yet show 
considerable difference. In the first place, the position of the 
mouth is strikingly difi^erent, so much so as to deprive them 
of the very peculiar and characteristic aspect which we asso- 
ciate with the shark at the present time. The mouth in all 
the recent genera is not terminal but occupies a position con- 
siderably behind the snout on the ventral surface, indicating 
on the part of the animals a habit of feeding on the ground 
or on prey that lies below them. So marked is this feature 
that, as is well known, the shark cannot seize an object on the 
top of the wat^r or above it without turning belly-upward. 
But the Devonian sharks, at least the cladodonts, had a ter- 
minal or nearl}^ terminal mouth, as indicated plainly in ,the 
fossils, and were not therefore specially adapted for ground- 
feeding. In a few specimens the mouth appears to be slightly 
ventral. In the second place, the jaws of existing sharks are 
strongly curved and twisted, the upper often forming a com- 
plete semicircle, whereas those of the Cladodonts from the 
Devonian of Ohio are straight and flat, and, so far as known, 
the upper jaw was of a similar form. 

It is not necessary to contrast the narrow elongated phase 
of the tooth of the recent forms with the wide though one- 
sided base of those of Cladodua^ since it is well known to 
every ichthyologist. 

If we may infer the size of the fish to which the fossil here 
described belongs, from the analogy with other Ohio clado- 
donts, we may safely predicate a shark not less than ten feet, 
and probably more, in length. 80 far it is by much the larg- 
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est of it8 family that has come to light, the longest previously 
known scarcely exceeding one-half of this size. Dr. Clark is^ 
however, in possession of one or two cladodont teeth too large 
to correspond with the dimensions of the smaller specimens, 
which have for some time indicated to him the existence of 
larger forms hitherto unknown, the first of which is described 
in this note. 

These researches and discoveries have established the exis« 
tence of an abundant selachian fauna in the Cleveland shale^ 
with the general form of which we are now much better 
acquainted than we are with those later ones from the Car- 
boniferous limestone whose spines and teeth have long been 
abundant in our museums, but of which themselves we have 
yet but the merest glimpse in one or two ill preserved speci- 
mens in European collections. 
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It was my original purpose to take for the subject of this 
discourse some geological problems in northeastern Iowa, but 
certain circumstances made it seem more desirable to transfer 
attention to tlio northwestern part of the state and discuss the 
more striking features of tlie Niobrara chalk. 
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The Niobrara stage of the Upper Cretaceous is well repre- 
sented along the Missouri from the mouth of the Niobrara 
river to the mouth of the Big Sioux. East of the Sioux, beds 
of the same stage are found at various points in Iowa as far 
eastward as Auburn in Sac county,* while fossils distributed 
through the drift indicate the former existence of Cretaceous 
strata at points many miles farther east than any localities 
where they are now known to occur in place. f 

Areal Distribution. 

The general distribution of the Niobrara deposits, it need not 
be said in this presence, covers an area reaching from western 
Iowa to the Rocky mountains, while north and south it 
stretches from Texas to Manitoba and probably northward to 
the Arctic ocean. It is not my intention to extend the dis- 
cussion of the formation so as to cover more than a very small 
fraction of this magnificent area. I purpose rather to limit 
myself to some of the characteristics of the Niobrara chalk 
exhibited in the somewhat restricted region lying between the 
mouth of the river from which the formation takes its name 
and the most eastern exposure of the beds at present known, 
near Auburn, Iowa. Within these rather narrow limits all the 
typical phases of the Niobrara formation are perfectly exem- 
plified, and ample facilities are afforded for the satisfactory 
study of its composition. Furthermore, it will be remembered 
that the shore line of the Niobrara sea passed through Iowa, 
and during the culmination of the conditions that gave us the 
peculiar deposits of this portion of geological time the sea 
margin was probably not very far east of Auburn. Indeed it 
may be shown that the shore line was subject to many move- 
ments of advance and retreat, and that during the early part of 
the Niobrara age the sum of the movements was eastward and 
the ocean gradually encroached upon the land; while later 
the reverse was true and the waters retreated toward the 
west. For these reason^ the region to which the discussion is 
limited affords facilities for determining the effects of vary- 
ing depths of water and varying degrees of proximity to the 
shore upon the composition and origin of its sedimentar}- de- 

♦('. R. Keyos, Proceedin<rs Iowa Acad. Sci., Vol. I. part IV. p. '2.'), 
18JM. 

fC. A. Whito. Pr()c*'(Hlinjrs A. A. A. S.. Vol. 21, p. 187. \HTl. 
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posits. In the eastern part of the region we may look for 
marginal beds of Niobrara age, and farther west we should 
find contemporaneous beds that aceumulaU'd off shore in the 
clear open sea. 

PhYSK'AI. (.'HAHArTEKISTirS. 

The Niobrara sediments are unique among the geological 
formations of the Northwest. Where typically developed they 
are wholly calcareous, or nearly so, and yet they are altogether 
unlike the limestones that are so common and so characteris- 
tic a feature of the geology of the upper part of the Mississ- 
ippi valley. They lie indeed in massive strata, varying from 
six iii(*hes to more than two feet in thickness, as do some of 
the limestones, but the material is chalky in appearance and 
correspondingly soft in texture. The color of freshly ex- 
posed surfaces varies from white through shades of gray and 
vellow. In some instances the weathered surfaces become 
reddish owing to the final oxidation of the small amount of 
iron which the beds contain. The material composing what 
anyone studying tbc* region under consideration would call 
the typical deposits, may be excavated with pick and spade; 
it may be carved with the pocket knife; the massive blocks 
into which the layers are readily cpiarried may be shaped with 
the saw with greater ease even than if they were blocks of 
wood; the niaterial is so soft, indeed, that it cannot be han- 
dled without soiling the fingers; it may be used for writing 
on the blackboard; the mechanic might use it on his chalk 
lines; in a word, these typical beds to which our attention 
w^ill be chiefly directed are nothing more nor less than chalk. 

It is not to be understood, however, that all the Niobrara 
deposits of our somewhat circumscribed region are chalky* 
Some would have to be described as soft calcareous shales^ 
while others are made up of tiiin-bedded, fissile limestone^ 
sometimes more or less (»arthy and impure, but composed^ 
chiefly of valves of Inorerffttn(s in'ohleimificuH cemented to- 
gether. It is only the beds that represent what we may call^ 
the perfect and ideal product of the conditions that prevailecB 
during Niobrara time that are massive, soft and chalky. 

STKATKiKArUlCAL AND HaTH YMKTUK^AL RELATIONS. 

Allow me to traverse familiar ground long enough to say 
that the Niobrara chalk is a part of the Missouri Cretaceou^^ 
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eeries that was long ago made classic by the labors of Meek 
and Hayden. The work of Hill and others in Texas enables 
lis now to refer the beds in question to the Upper Cretaceous, 
as distinguished from the Comanche or Lower Cretaceous 
series of the Southwest. In the region we are considering the 
Cretaceous begins with the Dakota sandstone, a formation in- 
dicative of shallow seas and moderately high contiguous 
shores. During the deposition of the Dakota beds the water 
over what we now call Sioux City was shallow and vexed 
sometimes with conflicting currents, as is shown by the cross- 
bedded sands with oblique planes inclined in many different 
directions. That the land was high enough to enable the 
drainage waters to carry coarse mechanical sediments, that it 
was covered with semi-tropical forests of deciduous trees, and 
that its surface was watered with a most generous rainfall, 
are clearly recorded in the material composing the deposits, 
in the taxonomic relations of the leaves and other organs that 
make up the profusion of fossil plants which some of the beds 
contain, and in the brackish-water types composing the rather 
meager molluscan fauna of the earlier layers. Moreover the 
region was part of a great area of subsidence. If we limit 
attention to some given point, for example the bluffs above 
the mouth of the Sioux river, we shall find certain facts 
clearly recorded. During the entire time represented by the 
Upper Cretaceous there may have been many alternations of 
elevation and subsidence, but at first the waters were gradu- 
ally deepened and the shore line became more and more re- 
mote. As these processes went forward the coarser sediments, 
together with the leaves and twigs of the magnificent forest 
flora clothing the land, all came to rest in the beds laid down 
near the constantly receding shore, and only the finer clays 
were carried seaward as far as the point we have selected for 
consideration. With progressive subsidence the land stood 
lower, the drainage streams became more sluggish, erosion was 
less energetic, and it is probable that at this stage even in the 
marginal sediments the mat^^rials were fine clay with little 
admixture of siliceous sand. At all events, at a short dis- 
tance from the shore we have the transition from Dakota 
sands, with some alternating beds of shales, to the purer Fort 
Benton clays, which represent the second phase of sedimenta- 
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tion in our selected area during Cretaceous times. The Benton 
shales are not very thick in this region, probably not more 
than 40 feet altogether. While they were accumulating the 
process of subsidence went on, as before, at a rate more rapid 
than the upward growth of the sedimentar}'^ deposits. The 
lands, that during the Dakota stage had stood high above the 
sea, were by progressive subsidence reduced in altitude until 
finally base level was reached, and the sluggish drainage 
streams discharging into this part of the Cretaceous basin 
failed to carry even the finer clay and at last mechanical sedi- 
ments gave place to those of organo-chemical origin. When 
these conditions were reached, the region witnessed the be- 
ginning of the third phase of sedimentation in the Cretaceous 
seas, and the Niobrara stage, with its peculiar beds of chalk, 
was inaugurated. Reviewing for a moment the conditions 
prevailing in that portion of the region that now lies west of 
the Sioux river, we may note that the water was clear, moder- 
ately deep, and unpolluted b}' mechanically derived earthy 
detritus; that the shore line, a portion of the time at leasts 
was a hundred miles to the eastward; that the body of land 
contiguous to the shore was low and flat, and drained by 
streams with currents too feeble to bear any contributions 
from the land to the sea. It was in such a sea and under such 
conditions that the Niobrara chalk was deposited. 

Before the Niobrara age came to a close, the upward move- 
ment of the region began. Step by step the sea receded from 
its line of farthest advance, somewhere east of the middle of 
Iowa. Progressive elevation of the land quickened into life 
the practically dead streams of the Niobrara age, and mechan- 
ical sediments appeared once more in the Cretaceous sea and 
settled down upon the surface of the chalk to become the 
lower beds of the Fort Pierre shales. The Fort Pierre shales 
are found as far east as Yankton, South Dakota, and recently 
Ke^^es claims that they have been identified in northwestern 
Iowa.* In the latitude of Sioux City they may have origin- 
all}' extended be^noud the Sioux river. Our region during 
Cretaceous times witnessed, therefore, a fourth phase of sedi- 
mentation. With the incursion of mud that inaugurated the 
work of building the strata of the Pierre group, the condi- 

*Pr(KMHMliii«rs I(»\va Acad. Sci., Vol. I*urt IV, p. 2."), 181M. 
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Tions that made the Niobrara chalk possible were brought to 
•an end. The swarming life that furnished the organic skel- 
etons of which the chalk is constructed was unable to maintain 
existence under the changed environment. 

It will be noted that in the Sioux river region the condi- 
tions that gave us successively the Dakota, Benton, Niobrara 
and Pierre deposits passed one into the other by practically 
imperceptible gradations. While in the Black Hills the tran- 
sition from the Dakota sands to the Benton shales is very ab- 
rupt, along the Sioux river the transition is so gradual that 
any line of separation would seem to be purely arbitrary. 
Indeed it might seem as if an}' lines dividing a system of 
strata that have resulted from a process of continuous depo- 
sition under very gradually changing conditions must be more 
or less arbitrary. In the Sioux river region the Niobrara beds, 
however, stand out distinctly and sharply defined from all the 
rest both lithologically and micropaleontologically, and if di- 
visions are recognized, these must rank as a separate forma- 
tion. The features that distinguish this group of strata from 
the Dakota-Benton below and the Pierre above depend upon 
the fact that when the subsidence that affected the bottom of 
the Cretaceous sea and the adjacent shores was at, or below, a 
certain stage, mechanical sediments failed, and the absence 
of such sediments favored the enormous expansion of certain 
types of microscopic life endowed with power to protect their 
soft protoplasmic bodies with shells of carbonate of lime. 
The dead skeletons of successive generations of such organ- 
isms, unmixed with the grosser products of land erosion, con- 
stitute practically the only sediments that accumulated during 
the Niobrara phase of the Cretaceous. It is upon the nature 
of these skeletons and their mode of aggregation that the very 
linusual characteristics of the rocks belonging to this particu- 
lar stage depend. 

Characters of the oeposits fn different localities 

comtareo. 

As has already been said, the Niobrara deposits are not 

xiniformly chalk}'; neither have they had everywhere exactly 

*he same origin. They differ in these respects at different lo- 

<?alities, and, to some extent, at different levels in the same 

exposure. Along the Sioux river certain portions of the for- 
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mation consist of thin- bedded, brittle, shelly limestones with 
chalky partings between the Inminte. In such cases the 
crowded valves of /tioceramtts j*rohlematicftn leave no doubt 
as to the principal source of the material composing the 
strata. Near Ponca, Nebraska, the Inoceramus-bearing beds 
are more compact than on the Sioux, and they are associated 
with heavier and more typical beds of chalk. A little farther 
up the Missouri, at Saint Helena, there are no Inoceramus 
beds. Traces of occasional valves may be found here and 
there in the uniformly massive layers that rise one above the 
other in a vertical wall of almost snowy whiteness; but there 
is nothing corresponding to the immense aggregations of indi- 
viduals that we find farther east. There are some small 
colonies of Osfrea contjenta^ but, on the whole, mollusk shells 
make up a very insignificnnt part of the deposit. The thick- 
ness of the chalk at this point is about 90 feet, and it rests on 
a foundation of Benton shales that rise to a bight of 40 feet 
above the level of the water in the river. From Saint Helena 
to the mouth of the Niobrara the exposures of chalk on both 
sides of the Missouri present about the same general appear- 
ance. At Yankton, South Dakota, the chalk is used on a large 
scale in the manufacture of Portland cement. The beds 
worked for this purpose, embracing a thickness of about 60 
feet, lie geologically above those seen at Saint Helena, but 
there are no essential differences in macroscopic characters to 

be noticed. 

Palkontolo<;y of thk Chalk. 

It is aside from the purpose of this paper to discuss the 
general paleontology of the chalk, in the region we are de- 
scribing, with any approach to fullness. A few general state- 
ments, indicating in a broad way the biological relations of 
the deposit, are all that can be undertaken. Vertebrate 
remains are not common, and the few that are known belong 
to fishes. The sharks were represented by the genera Ptycho- 
dus, Otodus, and Lamna, and of each there are indications of 
but a single species. Bony fishes were present, but by no 
means numerous. Among invertebrates the only forms at all 
conspicuous are f nor c ramus /troh/em a fie us nnd Ostrea congestn. 
The former flourished best in the eastern half of our area, the 
Ostrea is most common west of Ponca. But while forms large 
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enough for macroscopic study were comparatively few in 
number both as to individuals and species, microscopic life of 
wonderful beauty and of the highest scientific significance was 
developed in incomprehensible profusion. The characteristic 
faunas and the floras of the Niobrara must be studied with- 
the microscope. 

Hesitancy of Ameri(!an (iEOLo<iisTs to uecounize the 

NiOKKAKA DEPOSITS AS ChALK. 

Before discussing the microscopic life of the Niobrara age, 
it may be worth the while to notice an interesting mental 
attitude of leading American geologists to the question of the 
existence of chalk on this side of the Atlantic. Notwithstand- 
ing the fact that the earliest travellers up the Missouri river, 
and every one who has since followed in their footsteps, must 
have been convinced that the beds in question present, out- 
wardly at least, all the physical characteristics of chalk, and 
notwithstanding the further fact that professor Bailey point- 
ed out the foraminiferal origin of the material as long ago as 
1841, there yet grew up a very firmly rooted notion that the 
peculiar earthy material we call chalk is not found in any of 
the geological formations of this continent. For example, 
professor Dana, in the second edition of his Manual, speaks of 
the beds of sand, marl, and loosely aggregated shell limestone 
in the Cretaceous strata of America, but he adds with inten- 
tional emphasis that '* they include in North America ifo 
rhalk-y In the third edition of the Manual the statement is 
modified so as to read that " they include in North America 
no chalk, excepting in western Kansas, where, 350 miles west 
of Kansas City, a large bed exists." In the second edition of 
Le Conte's Eleutents of Geoloyij we are told that chalk occurs 
" nowhere except in Europe;" but in the third edition it is 
stated that ''recently good chalk composed of foraminiferal 
shells, and containing flints, has been found in Texas." In 
the Geoloyical Studies of Dr. Alexander Winchell, the author, 
after discussing chalk, tells us on page 64, that *'it does not 
occur in America ;" and the impression is thought to be worthy 
of repetition in nearly the same words on page 433. In the 
Canadian Xaturalisf for 1874 Dr. G. M. Dawson has an arti- 
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cle on the Cretaceous rocks of Manitoba,* in which, referring 
to the (.'retaceous of America in general, he says that "this 
formation contains no beds of true chalk." At the meeting 
of the Association of American Geologists in April, 1841, Nic- 
ollet gave an account of the ge(»logy of the regions covered 
by his explorations along the Upper Mississippi and Missouri. 
In this account the Oetaccous strata along the Missouri are 
noticed, and the statement is made that no true chalk or flint 
was observed. Lyell also encourages the notion that there is 
no chalk in America; but it will not be necessary to make 
further quotations in illustration of the attitude referred tx>. 
While some of the leaders of geological thought on this side 
of the water have been slow to acknowledge the presence of 
chalk in the American Cretaceous, the plain people who are 
not geologists, not governed by conventionalities nor influ- 
enced by authorities, have never hesitated to call the material 
composing certain parts of the Niobrara deposits "chalk.'* At 
Saint Helena, Yankton, and wherever, indeed, the formation 
outcrops in massive layers, the material is constantly referred 
to as "chalk," "chalk-rock," or "chalk-stone." The use of one 
or another of these terms in common speech is more than fifty' 
years old, for in 1841 professor Bailey received from the far 
northwest a sample of what was locally known as "prairie 

chalk."t 

What is Chalk ? 

Whether the material composing the Niobrara deposits i»» 
chalk or not may depend somewhat on our definition of tho 
term ; but if in England the name is applicable to a soft^ 
whitish calcareous rock that accumulated on a sea bottom 
lying beyond the reach of mechanical sediments, and was com- 
posed of multitudes of practically entire shells of Foramini- 
fera imbedded in an imperfectly indurated matrix of cocco- 
liths and comminuted foraminiferal debris, then the term 
may be justly applied to a very large portion of the deposits 
of the Niobrara age along the Missouri river. For, in the 
first place, a very casual examination of the material would 

*N()t<' on llir ot'curnMic** of Forum inifrru, (/occoliths, etc., in the Cn'- 
tacM'oiis Kocks of Manitoba, CitinnUtin yafurnliMt, vol. vii. No. 5, 1874. 

•f Amer. .lonr. Sci. and i\rts. first s«Tirs, vol. xiJ. p. 4(.KK 1841. 
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establish its physical identity with much of the English chalk. 
In the second place, one needs only the cheapest of compound 
microscopes to demonstrate that it is surprisingly rich in the 
most perfectly preserved specimens of Foraminifera that in a 
large number of cases are specifically the same as those so 
long known in the chalk of Europe. In the third place, a 
better microscope will show that every cubic inch of the Nio- 
brara chalk contains many millions of the minute circular or 
elliptical, disk-like bodies called coccoliths, which cannot be 
distinguished from similar bodies occurring in similar num- 
bers and in similar relations in typical chalk on the other 
side of the Atlantic. 

Some Refekencrs to Literature in which either the Chalky 
Character or Foraminiferal Origin of the Niobrara 

deposits is recognized. 

In view of the widely prevalent impression that the Ameri- 
can Cretaceous contains no chalk, some references to the lit- 
erature in which the chalky character or foraminiferal origin 
of the beds in question is recognized may not be without 
interest. In the American Journal for 1841* Prof. J. W. 
Bailey describes the sample of "prairie chalk" already noted 
as being very rich in beautiful forms of the "elegantly little." 
The "elegantly little" are Polythalamia (Foraminifera) and of 
these he. gives four excellent figures which, although un- 
named, are readily recognized as common species composing 
a large proportion of typical chalk, whether we collect it in 
England or along the Missouri river. In the same note it is 
stated that professor Bailey has also found very interesting 
forms of Polythalamia in the specimens collected by Mr. J. N. 
Nicollet from the "far west." 

In 1843 Ehrenberg published his Memoir on the Extent and 
Influence of Microsc op it: Life in South and X or th America. 
Most of the work is devoted to diatoms and desmids, but a 
few pages are given to the discussion of Foraminifera, includ- 
ing forms from the ('retaceous chalks and marls along the 
Missouri river. The abundance of foraminiferal species and 
the identity of some with species occurring in the chalk of 
Europe are among the facts established. 

*L<)c. cit. 
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An extended notice of Ehrenberg'e memoir by profe8M>r 
Bailey was published in 1844.* Copious extracts from the 
memoir are incorporated in the notice, and in a foot>nole 
there is a figure of what is supposed to be Textniaria ameri- 
cann, A year later there is another paper by professor Bai- 
ley, which appears in the 48th volume of the same Journal, 
and in the course of which the author says, concerning Fo- 
raminifera in specimens from the Missouri river, that "they 
are remarkably ahundant and beautifully preserved.'^f 

Between \H5l^ and 1861 Meek and Hayden worked out th< 
succession of Cretaceous strata along the Missouri. Numerous 
papers were published under the joint authorship of the geol- 
ogists named. The chalk of the Niobrara is frequentl] 
mentioned, sometimes as 'Vhalk marl,*' and sometimes as ^*cal- 
careouK marl weathering to a 3'ellowish or whitish appearance 



above;" and in their detailed section, published in the Pro 

ceedings of the Academy of Natural Sciences, Philadelphia 
December, 1861, the "calcareous marl'' of Formation numbe"^ 
8 is said to contain "several species of Textularia." 

The beds to which professor Dana refers in his Manual a«^ 
the only known example of American chalk are doubtless th^ 
ones described by Mr. D. ( '. Collier in 1866.J Of the materia 1 
forming these beds, which extend for a dist-ance of over ont^ 
hundred and fifty miles east and west, Mr. ('oilier says: "On 
one occawion, in company with a companion, I was able to 
climb to the top of a blutf of pure chalk, so soft that I could 
cut and carve it with the knife I carried in my belt, and s<:^ 
fine that it covered m}' cl(»thcs as thoroughly as when in my 
college days a classmate wiped the blackboard with my back.'"* 

In his first Annual Report of the United States Geological 
Survey of the Territories, Dr. Ilavden takes occasion to sav' 
concerning the Niobrara division of the Cretaceous: "Itsprin — 
cipal character is a gray or light yellow chalky limestone ;; 
much of it so pure as to make a good chalk for commercia 1- 
purposes."g 

*Am. .Tour. Sci. and Arts, flrsl srri^-s. Vol. XLVI. p. 21>T, 1844. 

flbid.. Vol. XLviu, p. :U1. IHt.'). 

JAm. .loiir. Sci.. s»'C'r>iKl sori^'S, Vol. \ij, May, 18(M). 

jsFirst Ann. U«*p. i>f iIh* l'. S. (Jcol. Snrvi-v of th»* Territories, embracr — 
iiii; N<*braska. bv F. V. Ilavden, l'. S. Cieolojrist, p. 54. 18(>7. 
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In 1870 Dr. Charles A. White, in discussing the Inoceramus 
beds along the Sioux river, which are in Iowa the equivalent 
of the Niobrara of Meek and Hayden, tells us that among 
other fossils, "minute Foraminifera (probably Globulina) are 
sometimes met with in great numbers/'* 

The article by Dr. G. M. Dawson, already cited as appear- 
ing in the Canadian NatHraliatt for 1874, marks a very impor- 
tant step in advance of all previous publications in the matter 
of investigating the origin and composition of the Niobrara 
<;halk. The strata of Manitoba that were the subject of in- 
vestigation are the northward continuation of the chalk beds 
of our Sioux river region, and Dr. Dawson was able to com- 
pare microscopically the Manitoban with Nebraskan material. 
The article is illustrated with figures of Foraminifera, and 
speaking of this group of organisms he says : "The general 
facies of the foraminiferal fauna of the Cretaceous rocks of 
Manitoba and Nebraska singularly resembles that of the ordi- 
nary English chalk. Both abound in Textularineand Rotaline 
forms of similar types." 

Dr. Dawson's paper, however, owes its chief importance to 
the fact that it is the first, so far as I know, that recognizes 
■coccoliths as agents in the formation of American chalk. Coc- 
coliths, in my judgment, are much more characteristic of chalk 
than Foraminifera. Individually they are thousands of times 
more numerous, and collectively they make up a much larger 
proportion of the bulk of true chalk than do the larger and 
more obtrusive foraminiferal shells. Chalk composed of Fo- 
raminifera, either broken or entire, is harsh and rough and 
unsuited to many purposes to which this substance is applied. 
Coccoliths on the other hand rarely exceed the one-hundredth 
of a millimeter in diameter, and chalk formed out of such 
minute bodies is soft, works smoothly on blackboard or chalk 
line, and may be ground between the fingers to an impalpable 
powder. Dawson's paper is illustrated with a number of 
figures showing the characteristic appearance of coccoliths 
under a high amplification, and along with the coccoliths 
there are illustrations of a number of the minute calcareous 
rod-like objects to which the name rhabdoliths has been ap- 
plied. Relativel}' speaking, rhabdoliths are not common in 

♦(J«*()l()gy of lowu. Dr. C. A. While, Vc.l. i, p. 21M. 1870. 
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the beds we are eonsidering. They have contributed only a 
small peroentage of the bulk of the material making up the 
deposit. It must be said, however, that the paper under con- 
sideration has the further distinction of being the first to 
announce the presence of these interesting and curious struc- 
tures in the fossil condition. 

In Texas, professor Hill recognizes two chalk horizons, one 
in the Lower Cretaceous, the other in the upper series of the 
same system. We are only concerned here with the chalk of 
the Upper Oetuceous, for that alone corresponds in age to 
our Sioux river beds. That this formation abounds in Fo- 
raminifera such as Textularia and Globigerina, and that it is 
in reality chalk, professor Hill urges with pertinent force in a 
number of publications;* and it is to the writings of Hill 
that professor Le Conte refers when he acknowledges the 
presence of true chalk in Texas. 

Hill's work on the geology of Arkansasf is the subject of 
an admirable review by professor Marcou,^ in the course oV 
which Marcou calls attention to his discovery of true challr 
near Sioux City (Iowa) and in Nebraska in 1868. Speakin 



of his paper on the Cretaceous formations in the vicinity oj 
Sioux Cit)% etc., read before the Geological Society of Franctrr 
in 186f), Marcou says: *'l took the precaution to carry witl~K 
me pieces of rough chalk taken near Sioux City, and I dre>%' 
on the blackboard with them the three sections that accom- 
pany the paper.'* 

Prof. S. W. Williston, in 1890, announced that the chalk of 
Kansas '^appears to be wholly composed of organic forms very 
readily visible under a comparatively low power (a one-fifth 
or a one-sixth objective and a C eye-piece) g.'' The forms 
seen by professor Williston are the minute coccoliths and 
rhabdoliths which Dr. Dawson so well described in 1874, and 

♦Ann. Ilcp.. (iH)I. Siirv«'y of Arkansas, Vol. ii, for 1888. Check List 
of Invrrti'bratt' Fossils from Cn'tacj'ous I*'ormat ions of Texas. 1889. An- 
nolHlrd Cln'ck List, .'tc, Hnll«'tin No. 4, (ifol. Survey of Texas, 1881). 
Foraminiferal ()riy:in of errtain Cretact'ous Lim«'Stones. eli*.. Am. (iK- 
OLonisT. Sept.. 1S.S1). (ieoIo«ry of parts of T«'.\as. etc.. Bulletin, CJeol. 
Soc. Am., March, 1H!)1. 

fReiH)rt citi'il. 

IAmkkk AN (iIk(M.(m;ist. vol. iv, p. :ir)7, Dec., 18S0. 

J^Chalk from the Niobrara ( 'retaceous of Kansas, Science. Vol. xvi. i» 
240, Oct.. 1S1M>. 
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at the time of writing the note under consideration the com- 
paratively large Foraminifera, which may be seen with a good 
pocket magnifier, seem to have been overlooked. A few 
months later, however, Williston renewed his observations on 
the chalk of Kansas, and his report of these later investiga- 
tions contains the statement that "the deposit seems wholly 
formed of coccoliths, rhabdoliths and Foraminifera, with, 
perhaps, radiolarians and sponges."* • 

The foregoing references selected from the mass of litera- 
ture appearing between September, 1841, and March, 1894. 
while incomplete as a bibliography relating to the physical 
characteristics and foraminiferal origin of American chalk, 
may yet help to make clear the successive steps whereby geol- 
ogists have been led from complete skepticism regarding the 
presence of chalk on this side of the Atlantic to the convic- 
tion that considerable portions of the Niobrara beds along the 
Sioux and Missouri are, in all the particulars relating to 
composition and origin, identical with the chalk of Europe. 
Composition of the Niobrar\ Chalk in the Sioux river 

REGION. 

The characteristics of the Niobrara chalk are such that ex- 
haustive investigations with the microscope may be carried 
out with very little difficulty. In thin sections from selected 
typical beds the unbroken shells of Foraminifera are very 
conspicuous. They lie in close proximity to each other, and 
their inflated chambers, filled with crystals of calcite, some- 
times occupy more than one-third the area of the entire field. 
It is certain that more than one-fourth and in some instances 
probably one-third of the volume of the chalk is composed of 
foraminiferal shells still practically entire. The matrix in 
which the shells are imbedded is made up of a variety of ob- 
jects, the most numerous, and the most conspicuous under 
proper amplification, being the circularor elliptical calcareous 
disks known as coccoliths. The small rod-like bodies to which 
the name rhabdoliths has been applied are not very common, 
although their presence is easily detected with a moderately 
high power objective. 

Mingled with the coccoliths and rhabdoliths are numerous 
fragments that are evidently the debris resulting from the 

♦Proc. Kansas Acad. Set., Vol. xii, p. 100. 1891. 
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comminution of foraminiferal shells; while standing out con- 
spicuousl}' amid the remains of these minuter organisms are 
comparatively large calcareous spicule-like bodies, which, on 
investigation, turn out to be the disassociated rods that made 
up the external prismatie layer of shells of Inoceramus. This 
outer la^'er in I nocernmn)( prohlematiciig seems invariably to 
have become detached from the inner nacreous layer, and, al- 
most^ without exception, it has become completely disintegra- 
ted into its constituent prisms. And so it happens that, in 
the Inoceramus-bearing beds of the deposit, the soft matrix 
in which the only remaining portions of the shells, the na- 
creous portions, lie imbedded, is composed very largely of 
these rod-like prisms mingled with skeletal parts of the ordi- 
nary chalk-forming organisms. Even in the typical, massive, 
chalky beds that bear no outward traces of mollusk shells of 
any kind, these same prisms, while greatly diminished ia 
numbers, are by no means uncommon ; and so in any consid- 
eration of the constituent elements of the chalk these sepa- 
rated units from the external laj-er of valves of Inoceramus? 
must be reckoned as no unimportant factor. 

When the chalk is treated with acid there remains a small 
amount of insoluble matter consisting of clay, fine grains of 
sand, a very few minute pebbles, none of which, so far as ob- 
served, exceed five millimeters in diameter, and a small num- 
ber of internal casts of the chambers of Foraminifera. Nearly 
all the foraminiferal shells have the chambers filled with cal- 
cite: a few have these cavities still empty or filled simply 
with air: but in a small number of cases the chambers were 
filled with an opaque, insoluble mineral, probably silica deeply 
stained with iron oxide, that remains as perfect internal casts 
after the shell has been dissolved in acid. The amount and 
composition of the residuum varies with the purity of the 
chalk. In the purer samples it scarcely exceeds one per cent., 
in others, of course, the percentage ranges very much higher. 
Thk Micko-palkont()LO(;y of the Chalk. 

In all the chalk examined the Foraminifera are very numer- 
ous. Many are large, vigorous looking specimens of the types 
to which they belong, and an unusual number of the shells 
remain perfect. They are easily separated from the finer par- 
ticles constituting the matrix by carefully grinding the chalk 
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under water in a shallow dish, decanting and renewing the 
water as long as gentle rubbing of the heavier residual mate- 
rial produces any traces of milkiness. The particular genera 
and species that will be found after the washing process is 
complete will depend somewhat on the locality from which 
the specimen under investigation was derived. Even at the 
same locality samples of chalk from different beds will be 
found to dilfer in a marked degree so far as relates to the 
presence or absence, the association, or the predominance, of 
certain types. It would be very tedious, unprofitable and 
altogether aside from my purpose, to give you a catalogue of 
the genera and species of the foraminiferal fauna. Indeed, 
according to Carpenter, Brady, and other authorities, species 
in the sense of constantly differentiated races do not exist 
among Foraminifera, and it is almost impossible to define 
genera; but some general statements, which may lead to sci- 
entific considerations of some importance, may be possible and 
permissible under the circumstances. 

The Fokaminifeka, with Observations on their Distribution. 
Saint Helena, Nebraska, seems to me to be the most typical 
locality in the region under consideration. In samples of 
chalk from this locality large forms of Textularia globulosa of 
Ehrenberg are the most common and the most characteristic 
fossils. Here the species presents its ideal characteristics. 
The chambers are inflated and spherical, and the shell is ro- 
bust and widens rapidly toward the larger end. This same 
shell, be it remembered, ranges throughout the Niobrara of 
America from Texas to Manitoba, and it is one of the most 
conspicuous forms at certain horizons in the chalk of Europe. 
Associated with Textularia globulosa is a smaller shell that is 
proportionately thinner and narrower and every way less ro- 
bust. In some places this smaller form is the prevailing type. 
It has been regarded as a distinct species, and was figured by 
Dawson, in the paper already cited, under he name of Textu- 
laria pygmwa. While these two forms grude into each other 
perfectly when a sufficient number of specimens is examined 
it will be profitable for the present to keep them apart, inas- 
much as the distribution of the two types presents some facts 
worthy of consideration. Recall for a moment the geograph- 
ical and bathymetrical conditions of the region while the chalk 
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wa« forming. The §bore line of the Niobrmrm sem extended 
northeaster! r from near the «^»uthircr«t comer of Iowa. From 
that shore line the sea spread awaj westward to bejond the 
Rocky mountains. The site of Saint Helena was manj miles 
from shore, and was covered by moderately deep, clear water, 
unp4^»Iluted by detritus washed in from the land. It was in 
this pure, clear sea that T^j-fularia fflobulosa found the con- 
ditions mo«t favorable to its existence. Here it multiplied 
bevond all calculation, here the individuals show all the 
symptoms of normal health and vigor, and here they attain 
their ideal symmetrical form. As. however, we approach the 
shore, it becomes evident that the conditions, so far as Textu- 
laria is concerned.became more and more adverse, for the chalk 
from Sioux City. Ha warden. Auburn, and other points east of 
the Sioux river, contains but few of the vigorous forms we 
have noted. On un average the textularians do not attain 
more than half the size reached by the larger individuals from 
Saint Helena. At Auburn, the most easterly point at which 
the chalk is known to fKrcur in place, only the smallest forms 
of Ttxfftfan'a pyfjm't^f o<»cur. In this connection there is an- 
other very striking fact worthy i»f notice. The textularians 
from the m«»re easterly localities are often very unsyiiimetri- 
cal and irregular in their m^xie of growth. It would seem 
that they were not only starved and stunted, but they were^ 
frecjuently deformed by the unfavorable environment prevail- 
ing in regions approximate to the shore. 

In some of the beds at Sioux (*itv. which is one of the in- 
termediate points between Auburn and Saint Helena, the?- 
diminutive forms of Textularia are verv numerous, but min- 
gled with them are a few conspicuously large individuals 
recalling those from the great chalk clitfs farther up the Mis- 
souri. There is one verv marked ditference, however, between 
these and the specimens from Saint Helena. Like the smallet* 
individuals of the same region they are more or less distorted - 
What is more, the later formed chambers of the larger speci- 
mens often depart from the biserial type, and the shell may 
terminate in various irregular ways. There may be at last 
but a single series of cells, but it is more common to find 
three, four, or even live series. Sometimes groups of extra 
chambers protrude from the sides of the shell like unhealthy 
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excrescences, and again the later chambers may be simply 
heaped together in inextricable disorder. Everything suggests 
abnormal, if not positively diseased, conditions. The depau- 
perating effects of unfavorable environment seem to have 
acted in three ways : first, to retard growth and thus produce 
the pygmaean type ; second, to cause deformity by unsymmet- 
rical growth even when the biserial arrrangement is main- 
tained ; third, to interfere with the biserial arrangement of 
the later formed chambers among the more vigorous individ- 
uals, and to produce all possible types of departure from 
normal regularity. 

In all the thousands of specimens examined I have seen 
nothing corresponding to Bailey's figure of Textularia ameri- 
cana, nor have I been able to recognize as many species as 
Ehrenberg described from the region along the Missouri. 
There are endless variations, many of which would doubtless 
have been formerly regarded as of specific value; but, after 
all, I can see no reason for regarding all the textularians of 
the region, with their countless variations as to size and pro- 
portions, including departures from symmetry and biseriality, 
as other than varieties of a single species which for the pres- 
ent we may call 'Textularia globvlosa Ehrenberg. 

While Textularia seems to have flourished best in the 
fieeper and purer waters remote from shore, the reverse is true 
of another group of forms that have usually been identified 
with Ehrenberg's Botalia glohnlona or Itotalia aspera. Ac- 
cording to Brady, these may all be referred to the genus 
Globigerina and represent a single species, the Globigerina 
cretacea of d'Orbigny. The forms in question present a wide 
range of variation among themselves, but the average or ideal 
consist of one or two spirally arranged whorls of rapidly in- 
creasing globular chambers the walls of which are thin and 
perforated by relatively large foramina. Among the depart- 
ures from the average type there are some with few, large 
chambers, agreeing well with G, bulloides ; while in slides from 
Saint Helena there are occasional individuals in which the 
last chambers are curiously elongated so as to impart to the 
entire shell an aspect identical with Brady's species, Globif/- 
erina digitata. The earlier formed chambers are in all re- 
spects like those of the typical Globigerina cretacea^ and it 
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will be in perfect accord with biological conceptions to regard 
the peculiarities of the individuals in question as due to acci- 
dental variations in the form of the terminal chambers, and 
not as permanent characters indicating a distinct species. 
The young of the Globigerina? float at the surface, but as the 
shells, with age, increase in size and thickness the animals 
sink through the water and their minute tests become mingled 
with those of other species that spend their entire life in the 
ooze at the bottom. Now Brady's specimens of Globigerina 
digitata came from bottom dredgings. The species was never 
taken with the tow-net at the surface. It is probable that in 
each- case the abnormal chambers were added after the organ- 
ism came to final rest amid the bottom ooze; and it is at least 
possible that the abnormality noticed may be due to the fact 
that amid this ooze the restrictions to normal growth are very 
much greater than those affecting the animals when floating 
freely near the surface. We have seen in the deformed and 
otherwise abnormal textularians that the simple protoplasm 
making up the bodies of Foraminifera responds to changes of 
environment in such a way as profoundly to affect the form 
and proportions of the shell ; and it is quite possible that, in 
the crowded conditions existing upon the sea bottom, some 
individuals were so unfavorably situated as seriously to inter- 
fere with normal, symmetrical growth. It is an interesting 
fact that the deformed specimens of Globigerina are associa- 
ted with the vigorous symmetrical types of Textularia at 
Saint rfelena. Nearer the shore, as indicated by the material 
laid down at Sioux City, Hawarden, Auburn, and other points 
east of the Iowa boundary, the Globigerinae flourished in 
greater profusion than farther west, and evidence of distor- 
tion, or any interference with normal growth, among the 
multitudes of vigorous looking individuals that crowd the 
strata in this marginal part of the Niobrara basin, are ex- 
tremely rare. 

While Textularia and Globigerina are the predominent 
types in the region under consideration, there are other genera 
that show similar peculiarities of distribution. For example, 
a very beautiful species of Truucatulina, or probably Anoma- 
lina, is somewhat common at certain levels in the exposures 
at Saint Helena and Yankton, but there is not even a trace of 
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it in the deposits east of the Sioux river. Specimens of Buli- 
mina are not rare, and Polystomella, Cristellaria, and Frondi- 
eularia, occur occasionally at the western localities named, 
but farther east they are so far unknown. On the other hand, 
there are some genera peculiar to the region east of the Sioux, 
but it would scarcely add anything to the force of the facts 
already stated to enumerate them. 

Probable cause of the differences observed. 

Is it possible to assign any cause for the observed differ- 
ences in the foraminiferal faunas of the eastern and western 
portions of the Sioux river region? Remember that from the 
beginning of the Dakota age to near the close of the Niobrara 
the region was practically one of progressive subsidence. 
There are evidences that we cannot now discuss of numerous 
oscillations of level, but on the whole the tendency of the sea 
bottom and the adjacent lands was downward. During the 
culmination of the peculiar conditions characterizing the 
Niobrara, the sea was clear and had considerable depth, but 
not abysmal, over the present sites of Yankton and Saint 
Helena; while farther east the waters were shallower and 
may sometimes have been polluted by rock detritus to a slight 
extent during the upward phases of oscillation, or during pe- 
riods of excessive rainfall. All the evidence suggests a clear 
peaceful sea with its bottom gradually sloping away from the 
shore to only moderate depths. Upon the bottom of this sea 
the textularians flourished, while floating near the surface 
were the younger individuals of the globigerine forms already 
noticed. Either floating in the water or resting upon the 
bottom were the peculiar coralline plants of which the bodies 
called respectively coccoliths and rhabdoliths were constitu- 
ent parts. 

Now, the diflferences noted between the textularians at 
Saint Helena and those at Sioux City and Auburn are in some 
way connected with differences in physical conditions at the 
points mentioned. The only differences that are readily sug- 
gested are the differences in the depth and in the amount of 
earthy sediments over different portions of the area. 

No one can tell how such slight differences of environment 
would react on the simple living matter of Textularia, but 
that they did affect it profoundly becomes obvious upon 
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comparing the shells of the beautiful, symmetrical thrifty- 
looking specimens from Saint Helena with those of the starved, 
impoverished, deformed specimens from Sioux City and Au- 
burn. In the case of the globigerine forms that during most 
of their lives float near the surface, the condition of the bot- 
tom was not a matter of so much moment. The water at the 
surface was doubtless clear enough for their purpose, for even 
the small amount of sediment discharged into the sea by the 
sluggish, nearly base-leveled streams must have been limited 
to the lower strata of the water. Near the surface, too, food 
was doubtless even more abundant than it was at the same 
depth farther west, and thus it happened that near the shore 
the Globigerinie flourished, and their full grown shells, bear- 
ing every indication of life under most favorable conditions, 
settled down among the unhealthy and depauperated textulari- 
ans to which life had been a perpetual struggle with adverse 
surroundings. The shallow-water chalk contains large num- 
bers of shells of vigorous Globigerina? mingled with many small 
and deformed shells of Textularia?, while the deep-water 
chalk abounds in robust textularians with relatively few 
Globigorinte. Among the globigerine shells of the deeper 
water are a few rather remarkable monstrosities. 

Comparison with English Chalk. 

An attempt was made to compare our American chalk with 
that of England, but the opportunities forgetting the desired 
number of examples from abroad were not good and the re- 
sults are not altogether satisfactory. Enough, however, was 
determined to demonstrate the presence in English chalk of 
the same species of Textularia and Globigerina that are so 
common along the Missouri : there are closely allied species 
of Frondicularia, Bulimina, and Truncatulina ; there are also 
prisms from the outer layer of Inoceramus shells; while en- 
closing and imperfectly cementing together all the larger 
objects are minute, dust-like coccoliths that cannot be distin- 
guished from those making ui) so large a percentage of the 
deposits of the Niobrara. The conclusions so long ago reached 
by Ehrenberg and Bailey* as to the identity of European and 
Missouri river chalk seem to be fully established. The water 

♦Reports of the First, Sj'coikI and Third M»M*linifrs of the Association 
of AmtTicun Gfoloirisis and Naturalists, p. 357, 184:j. 
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in which the English chalk was deposited was probably deeper 
than the Niobrara sea between the present site of Yankton 
and the eastern shore, somewhere near the middle of Iowa. 
Neither sea was necessarily very deep. As to our Sioux river 
area of deposition I conceive that the lands draining into it 
had subsided practically to base level, and that therefore 
chalk may have been deposited within a few miles of shore. 
The singular absence of corals, sea-urchins, and-all the higher 
forms of marine invertebrate life, except one species of Ino- 
ceramus and one of Ostrea, requires explanation, but at 
present there is none to offer. The seas of the English chalk 
were somewhat richer in respect to such types of life than 
ours; but, compared with many other seas, their striking 
poverty in all but lowly organized microscopic forms must be 
acknowledged. 

The practical identity of conditions in the two widely sep- 
arated regions we have been comparing remains a fact of 
much scientifia interest. While, in the forms of coccospheres 
and Foraminifera, the lowly and the obscure of earth's or- 
ganic hosts were revelling in peaceful and unpolluted seas in 
the longitude of the first meridian and contributing their 
dead skeletons to form the chalk of Europe, far away to the 
west, beyond the 90th meridian, more than a quarter of the 
way around the globe and separated from the first area by an 
abysmal ocean and a continental mass of land, there was 
another clear sea with low flat shores in which the same or 
very similar humble types of life were contributing material 
to form the chalk beds of Iowa, South Dakota and Nebraska. 



SUMMARY OF FACTS PROVING THE CAMBRIAN 
AGE OF THE WHITE LIMESTONES OF SUS- 
SEX COUNTY, NEW JERSEY. 

By Frank L. Nason. New Brunswick, N. J. 

In the prolongation of the Appalachian system through 
northern New Jersey, eastern New York and beyond, there 
exist areas, some portions of which are white, highly crystal- 
line limestones, while others are blue and more or less unal- 
tered; the former have generally been assumed to be of 
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Archaean age. The basis of this assumption as to the age of 
these rocks is evidently due to their association with the 
gneisses and highly metamorphosed rock which form so prom- 
inent a feature of this region, together with their highly 
crystalline condition, and to the general absence of fossils. 
Upon such evidence, their Archtean age has not only been 
generally accepted, but considered so positive a fact by many 
authors that such features as they present have been used a» 
a factor in determining the supposed Archwan age of lime- 
stones elsewhere, and, in general, as proof positive of pre- 
sedimentary limestones. 

This determination of these and other crystalline areas was 
quite natural and consistent at the time it was first made in 
New York and New Jersey ; for then the whole sedimentary 
Series was terminated below by the Potsdam sandstone, and 
everything older was considered as belonging to the Azoic. 
With the progress of geological science, and after the estab- 
lishment of the Cambrian or Taconic system of rocks, one by 
one these pre-Potsdam sedimentaries have been rescued from 
the Azoic or Archaean and their Cambrian age established by 
means of fossils. In general there remain undetermined at 
the present time only the more crystalline and metamorphic 
regions generally not directly connected with unaltered sedi- 
ments of known age. In many cases the crystalline areas 
shade otf into fossiliferous strata in undisturbed regions and 
their correlations have been determined. 

It thus appears that many areas of altered sedimentary 
rocks, such as crystalline limestones; schists and quartzites 
still remain in the Archa?an, simply because they cannot yet 
be correlated with any known horizon. This is in itself no 
evidence of their true relationships, and is inconsistent with 
proper methods of geological correlation. It is a curious fact 
that the assumption having once been made that these rocks 
were of Archrt?an age, the lithological features that they dis- 
played, especially in the presence of chondrodite, gradually 
came to be regarded as proof in itself of their Archivan age. 

These crystalline limestones have, since 1864, been de- 
scribed in the various reports of the Geological survey of New 
Jersey as members of the series of crystalline rocks of Azoic 
or Archiean age. In 1888 and 1889 the writer was engaged 
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in studying the limestone area in northern New Jersey, and 
the facts observed in the field led to serious doubts as to the 
correctness of the views previously held. This led to a de- 
tailed investigation of the area, especially in the vicinity of 
Franklin Furnace, tv'hich resulted in accumulating a series of 
related facts which prove conclusively the post-Archaian age 
of all of the limestones and quartzites in this region. These 
results were published by the writer in 1890,* but owing to 
the great length of time during which the former view had 
generally been held, and during which it had come to be con- 
sidered as a positive fact, these conclusions met with a tardy 
acceptance and are still doubted by some. Additional papers 
on this subject have been published by the writer ;t and re- 
cently Kemp and Hollick, in an excellent paper* on the north- 
ern portion of the same area extending into New York state, 
reach the same conclusions as a result of their very careful 
work in the field and in the laboratory. It therefore seems to 
be an appropriate time for a concise summary of the facts 
which prove that the white limestones of Sussex county, N. 
J., including the deposits of franklinite and zinc ores, are of 
Cambrian age. This it is proposed to do by establishing the 
truth of the following statements: 

1. The white limestones are continuous with the blue limestones (now 
accepted as of Cambrian age) and every degree of transition may be 
found between them. 

2. Both have the same dip and strike. 

3. Both are conformable with a quartzite also containing Cambrian 
fossils. 

4. Both art* unconformable with the gneiss upon which they rest. 

5. Both have in sum total the same chemical composition and are 
magnesian. 

6. The altered crystalline condition of the white limestone is due to 
the intrusion of igneous masses and to regional metamorphism, while 
the blue limestone never contains such igneous injections. 

7. The presence of certain minerals, es|)ecially chondrodite, is not in- 
dicative of geologicaKage. 

1. The continuity. In crossing the strike of the limestones 
from the white to the blue, where there is a continuous expos- 
ure, one of two things is always to be observed: either {a) 

♦Ann. Rep. Stale Geol. of N. .1., 18t)0. 

f American Ukolooist, April, 1801: Sept.. 1891; March, 1894. Trans. 
Am. Inst. Min. En., Feb., 1894. 

JAnn. N. Y. Acad. Sci., vol. vii. 1893. 
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ihrrt: i* a c-'ntir-u.'U* but emduai transition in c*^»lor and errs- 
tallinr t^xtJiv : <tr i '* i there i*a brer^iated lone. 

I 'M In zcanT I<^aliti«-« where the white and blue limestone? 
lit- in cl'»?-ir pr'»xiaiiT. it i« x** be ^'bsenred that the former b»? 
i««st it« m>*st nrikinp rharacteri«tics. It i« no longer coarsely 
crT«ta:Iiar : it* c«»I«»r i* nt-ither white nor jellowi^h white, but 
has rath«-r a b*ui^h tins^r. The graphite, which, in the coarser 
r^~«ck. i^NTurs in bright crr^talline fcaies. appears rather as a 
dull rarthy mineral, with t<^ca«xonal bright ticrks. The rock 
ha« usually a prt^s^ appraran<v. and in many instances a 
distinct slaty olrarage. At this stag« the graphite, perhaps. 
w.>uld rren vrt *ugpe*t that the lime^one «houId be clawed 
with the crrstalliae series: but within a few fevt these char- 
acter? chasg>r. the n>ck b«<^>mes le?* and less crystalline, the 
graphite* l«~*se< the last tract- of cry^tallixation and shows as 
c.-'-dy oarS-r.af.*e'"*us aggT>rgati'>ns, and then comes the wholly 
ur:char.£rt\i bl-.:e d-1 •=:::«-. This transition is to be seen in a 
so -rt- -r n: »rr .»f l-:valit:r<: b-t t."» make sure that there was 
n |^y?>s:*r:l::y .-f rrr^T, thr writ^-r had a trench dug across the 
s:r:ke -f thr r vks sh>w:-jr % ..--*•»•*-•»* exposure. The onlj 
Tvsul: "f 'ris ::>•:: -(T. was t > disclr-se ti*-^vc detail which serred 
: ■ vrrifv :hr ..^ r.-.-lus: -s rta^hed i* viher localities. 

• ' ' Ir. An ih^r : r.ask- f ihr -.^bsierTed transition, as has al- 
rt .>.:y Vni:: s:A:-xi. :r.r r ••£> ar^ roec^iaied at the point where 
>* r.:*.-: "ir. v.l-.i >. ':«7^rTrvi if :irr v.rl--ced to dirferent hori- 
z r.s. Ir.sTriiii f tr- : r^ssr-c ari-rirn-v^r. w:thc«>nsequent de- 
V: VT--. r.: . : >".a:v -.-..w.^^, r.r ;^ss-r> %u:ie suddenlv fri»m 
: - ■ .\r«^' wr.::< -.n.-*:. r.-. : i r.-e f >r>rccia- This is made 

^ y T. --Ar.J^rv:. :fcr-*r-:lar blur limestMnt• 
^:::.i. f. ..r..: f <-.*»r*«-lT crrstalline. 
r- K::-.--:a* i.s -Nr-ur in thr midst 
•-..>. .^ -. .: viis: : r.ct fragments of 
V : : .: :»:.:.': irr It-ss white, less crvs- 
:. :.'.-. :~- r:..-. -s:-^ =:ass. If the 
> .-- :■ *.- ::: r'.-.;r, h.-w can it 
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the publieatioDS cited. Along anticlinal axeeone side may be 
wholly white limeiitone, while the other may be part blue and 
part white, both the latter having the same dip and strike, as 
is shown in one instance in the Hudeville quarries, and simi- 
lar facts have been observed elsewhere. 

3. Con/onnahilitjf with quartzite. The blue limestone has 
been shown (loc. cit.) to contain Obolella cra»»a, and ia there- 
fore referred to the Lower Cambrian. The quartzite, which 
generally underlies the limestones of the region, contains 
abundant remains of Olenethis and other fossils, and its age 
is thus positively determined to be Lower Cambrian. 

Wherever studied, both the white and blue limestones are 
found to be conformable with and above this foesiliferous 
quartzite or sandstone ; and there/ore they cannot be of Arch- 
itaii age. A good illustration of this may be seen in Hardie- 
tonville, where the gTaphitie fosiili/eroin quartzite in contact 
with the granite is conformably overlaid with a coarsely crys- 
talliue graphitic limestone which gradually passes out into a 
foseiliferouB blue limestone overlying the same quartzite. The 
white limestone is continuous with that of the region and is 
everywhere filled with intrusives. 

These relations nre diagrammatically represented in the ad- 
joining figure. The sandstone being less effected by meta- 
nioi-phic action than the limestones, retains its foesiliferous 
contents up to the line of contact with the dike. 




a gianite dike on d 

HirdistonviUe. N. J. 

i. Unconfoimitlnlify with the yueisa. In spite of the fac-t 
that there is apparent conformability with the f ranklinite an ^ 
zinc beds of Franklin Furnace, the conformability is only aP- 
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parent and not real. The fossiliferous blue limestones and 
sandstones, dipping to the northwest lie on the upturned edges 
of the series a few hundred feet to the west. But following 
along the strike of both outcrops, the white and the blue, the 
two come together and completely cover the gneiss just north 
of the Trotter mine. 

Instances have been mentioned in this paper where anti- 
clinal axes, one tlank being blue and the other whit€, at one 
end of a hill, have both flanks white at the opposite end. No 
gneissic anticlines have been observed in the valley, while 
anticlinal structure is very common in the white limestones 
and with white and blue, as mentioned. 

The statement that gneisses occur interstratified with the 
white limestone is erroneous. There is no phenomenon of the 
kind to be observed. Granite, greenstones, and scapolite dio- 
rite are of frefjuent occurrence, but they are doubtless erup- 
tives; the granites are certainly so. 

5. T dent it y in chemical composition. It has always been 
considered that while the blue limestone is magnesian, and 
therefore a dolomite, the white is purely calcareous; and this 
has been used as an argument for considering them as distinct. 
As a matter of fact, however, as the writer has shown by an 
extended series of chemical analyses,* the whit<) limestone is 
also dolomitic, and it was further shown that the percentage 
of magnesia varies from place to place in each, and that spec- 
imens of both can be obtained which have the same compo- 
sition. 

It is true, that in the immediate contact with igneous rocks, 
the carbonate that is present is essentially that of lime, and 
that the rock often shows a decreasing content of magnesian 
carbonate as the eruptive is approached; but this maybe 
readily explained by a consideration of the following fact«. 

The white limestones are well charged with crystallized 
minerals; the blue limestone is free from them. The transi- 
tion zones show mineralization in a decreasing degree fron the 
white to the blue. The chemical composition of the white 
and blue rocks does not vary essentially. Magnesia is not 
present in a fixed percentage in dolomitic limestone, and it is 
certainly not constant in the blue one of Sussex county^The 
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•ange of magnesia is very great, but it ie never absent from 
jither variety as shown by the analyses. In considering the 
;hemieal composition of these rocks as a whole, the composi- 
:ion and distribution of the minerals contained in the white 
imestone must also be taken into account. These are con- 
ined to the vicinity of eruptive rocks, especiall}'^ the granites 
ind scapolite diorites; and it will be there found that the 
carbonate rock which contains them is now low in magnesia. 
It will also be observed that the principal minerals are those 
high in magnesia, such as phlogopite, biotite, pyroxene, horn- 
blende and especially chondrodite, which is the most abundant 
Df all and contains over 50 per cent, of it. Considering, then, 
the foregoing facts, it is impossible to escape the conclusions 
that the magnesia in the minerals has been derived wholly 
from the rock in which they are now found, and that the con- 
taining limestone was formerly a dolomite and has become 
de-dolomitized by the metamorphic action of the intruded 
granites and other eruptives. Were the magnesia now locked 
up in these minerals re-distributed in the form of a carbonate 
through the containing limestone, the result would be a dolo- 
mite in no way distinguishable from either the w^hite or blue 
dolomite. 

6. Present condition of the white limestones due to igneous 
rocks. The white limestones and the blue as well are not 
isolated, the one from the other, but they lie in the same val- 
ley, shifting from side to side with the appearance of granite 
or other intrusive rocks. Moreover, the white limestones are 
never found outside of a greatly disturbed belt, and never 
far distant from igneous masses. This point has been touched 
upon so many times that it is hardly necessary to repeat it, 
but the fact is so patent to a field observer that it cannot be 
emphasized too strongly. The crushing, heat, and pressure, 
resulting from this great complex of intrusions, were amply 
sufficient to completely metamorphose much more refractory 
«*ediment8 than these. 

7. Chondrodite not indicative of (feoloijical age. The min- 
erals associated with the white limestones have long been 
^»8ed as an argument in support of its Archa?an age. So many 
^t them, however, have been shown in various localities to be 
^xierely the result of metamorphic action of intruded igneous 
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masses, that this point has almost wholly lost the significance ^ 

it once possessed. By some, however, the mineral chondro- 

dite is still used in this way with the force and rank of 
characteristic fossil, since it occurs abundantly in certaii 
phases of the white limestone. 

Prof. J. p. Dana* has well observed in a paper on certaii 
rocks of the Connecticut valley : "What reason is there ii 
chemistry or geology why crystals of andalusito and staui 
lite should have been made only in pre-Silurian time? Andj 
lusite consists simply of alumina and silica, and staurolite 
the same along with iron. These three ingredients are nc 
and ever have been the most abundant of all the mineral coi 
stituents of the globe." 

To these chondrodite might well be added, along with ^^// 
other minerals, since their production depends upon a uni^cTDn 
of certain chemical elements under the proper physical c(^ :». 
ditions and is in no wise a function of geological age. 

In regard to chondrodite, composed as it is of silica, alu m- 
ina, magnesia, iron and fluorine, no one would claim that its 
elements were Archaean or restricted to Archaean formations, 
unless, possibly, it might be the fluorine. This latter element, 
however, along with boric acid, is well known to be one of 
the most constant accompaniments of igneous magmas, re- 
vealing itself in the composition of various minerals fornnecl 
by fumarole action. Many instances of this might be given, 
but, as geological literature is full of such, it will be sutficient 
to cite the well known occurrence of topaz in the cavities of 
rhyolites in Colorado and Mexico; while the actual presence 
of hydrofluoric acid in gaseous emanations from the fuma- 
roles in the crater of Vulcano has been shown by actu«il 
chemical tests by 8cacchi,f and various volatile fluorides ax"e 
known to occur after eruptions as efflorescences at Vesuvius. 

Moreover, the fact that chondrodite is not always of A^r* 
chtean age is proved by its well known occurrence at >tt 
Vesuvius in cavities of the ejected blocks of the Cretaceoiis 
dolomite which forms the pediment of the volcano. Itsforina- 
tion there is evidently due to the action of mineralizing vapor, 

*Ara. Jour. Sci., Ill, vol. vi, i». lioO, 187^. 
tAtt. Ace. Napoli, (5. IHTIi, (Out. Min. II. 1874. 
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under great heat and pressure, upon the limestone blocks, and 
it is, therefore, a marked instance of contact metamorphism. 

Chondrodite is in fact a mineral resulting from the contact 
action of igneous magmas on magnesian rocks, and, far from 
being H function of their geological age, it is most certainly 
indicative of the close proximity of intruded igneous rocks. 

In conclusion, from the establishment of the continuity of 
the white and the blue fossiliferous limestones in New Jer- 
sey; their conformability with the fossiliferous Cambrian 
quartzite; their unconformability with the underlying 
gneisses; their identity of chemical composition; their dif- 
ferentiation only through igneous action ; and their similar- 
ity of dip and strike — the writer has proved their Cambrian 
age and that their reference to the Archaean is no longer 
tenable. 



THE ELK HORN CREEK AREA OF ST. PETER 
SANDSTONE IN NORTHWESTERN 

ILLINOIS. 

By Oscar H. Hershey. Frecport. 111. 

In the various reports of the Illinois Geological Survey we 
find mentioned and described only three areas of outcrop of 
the St. Peter sandstone in the state, namely, along Rock river 
from Grand de Tour to Oregon, along the Illinois river in La 
Salle county, and at the Cap au Gres blutf in Calhoun county. 
Nor have I been able to learn from any other published source 
of the surface exposure of this characteristic formation in 
any but the above tracts. So when, some months ago, I acci- 
dentally discovered a considerable outcrop of the sandstone 
in a valley in the extremes western part of Ogle county I made 
a somewhat detailed study of it, which study has resulted in 
bringing to light several perhaps not unimportant facts. 

As indicated by the accompanying map, the outcrop under 
discussion occupies the valley of the Elk Horn creek and 
tributary streams, in Ogle county, about one to seven miles 
southwest of the village of P'oreston. It reaches the Carroll 
county line at several points, at the most northern of which it 
extends into that county about half a mile. 

The topography of the tract is essentially that of the drift- 
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., modified but slightly by glacial action. The ice 
fleems to have passed over the country without abrading the 
rock surface, except on the crests of the highest failla. -The 
amount of till or boulder clay deposited in the region is in- 
significant, but the chief obstacle to an examination of the 
stratified rocks is presented by aa mantle of loees, which, 
thoiigli rarely exceeding 8 or 10 feet in thickness, is conCinu- 
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Fro 1 Hap ot the Elk Horn crMk area ot St Pstw nnditoaa. 
ous 0^e^ hilltop and ^Hllcy bottom alike Here and there, 
however modern erosion ha« rcmo\ed this loess on steep hill- 
sides, especially on the slopes underlain by the sandstone. 

The geographical extent of the outcrop of each formation, 
especially of the sandstone, eitn be largely determined by the 
topography nlone. Beginning with the Galena limestone rim 
of the basin (lesombling a basin when viewed from surround- 
ing bights), w(' find it chanicterized by an undulating topog- 
raphy with coiiiparatively gentle slopes. This has been 
etfected by gliieiiil action. Descending to the Trenton lime- 
stone we find the ravines narrower, with steeper slopes, and 
outcropping rocks more numerous. Still lower, we can readily 
determine the situation of the sandstone by comparatively 
narrow, very steep-sided valleys, with all the angles beauti- 
fully rounded oir, instemt of being sometimes sharp and an- 
gular iin on the surniunding limestone areas. In short, the 
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sandstone presents the singular phenomenon of resisting ero- 
non well en masse, but yielding very readily on angular 
projections. This is characteristic of the St. Peter sandstone 
throughout its extent, and it has been commented on by many 
writers. 

It is here proposed to give a short description of the differ- 
ent formations observed in the area covered by the map. But 
it is presumed that the reader is already well acquainted with 
their general characteristics as exposed in other outcrops, so 
that only those features which seem peculiar to this vicinity 
will be mentioned. 

Description of the Rock Formations. 
Lower Magnesia n limestone. Extending for several hun- 
dred yards along the south, bank of Elk Horn creek, where it 
crosses the Freeport and Sterling road two and a half miles 
southwest of Foreston, there is exposed a formation which is 
essentially different from the overlying St. Peter sandstone. 
It reaches a hight of 10 feet above the creek level and pre- 
sents the following section, in descending order : 

Feet. 

1. Brecciated siliceous dolomite apparently broken and 

re-cemented on a seashore 1 

2. Greenish and yellow-brown, argillaceous dolomite, and 
thin laminated siliceous shales 3 

3. Thick, light-buff or yellow stratum of subcrystalline 
dolomite 1 

4. Very thin-bedded siliceous dolomite and chert 4 

5. Heavy-bedded dolomite, like No. 3,. exposed to the 
creek level, about : 1 

The brecciated limestone at the surface of the formation is 
perhaps the most interesting of all. A stratum of dolomite 
which was originally laid down and lithified to a compact 
condition, has been broken up into angular fragments of vari- 
ous sizes reaching as much as one foot or more in length, 
which have been thrown together in a confused mass and re- 
cemented, apparently by the same dolomitic substance. The 
breccia as here exposed averages one foot in thickness, but it 
reaches as much as several feet in some other places. The 
contact with the overlying sandstone is not well exposed, but 
it is presumed to be unconformable. Now of the three chief 
processes by \vhich limestone breccias may be produced, 
namely, (1) by pressure, chiefly lateral, as in the Devonian 
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linaestone in Iowa, (2) by the dissolving of some portion of 
the stratum subsequent to the formation, lithifiication, and 
elevation of the rocky strata above sea level, brecciation of 
the remainder, and refementation,by percolating waters, as in 
the dolomites of the Ozark^eries in Missouri, and (3) by the 
breaking up of u stratum by the waves on a rocky sea shore 
previous to the deposition of the overlying formations, as in 
the Lower Magnesian limestone in Wisconsin, the last is 
considered (after having studied the matter as closely as pos- 
sible with the very limited outcrop) as the only process by 
which the breccia under discussion could have been produced. 

The two heavy- bedded dolomitic strata, numbers 3 and 5, 
resemble the Galena limestone and still more strongly the Bulf 
limestone underlying the Trenton proper. But they are more 
compact, finer grained, and lighter colored than the Galena, 
and are a purer dolomite than the Buff, which always contains 
considerable argillaceous material. Furthermore, there is a 
tendency to develop exfoliation or something similar to it, by 
No. 5, on erosion. The very thin-bedded silicious dolomite, 
No. 4 of the section, is characteristic of this formation, no- 
where appearing in any of the formations above or below. 
Enclosed between two heavy-bedded pure dolomite strata, its 
white, cherty, one inch layers are in strong contrast to them. 
There are also thin layers of pure sand. 

There are indications of fossils, mostly the almost obliter- 
ated casts of gastropods, in the dolomite. One imperfect 
specimen was secured, but the formation may be considered 
as only slightly fossiliferous. 

With what formation of neighboring states may this be 
correlated? Of the few wells in the immediate vicinity, one 
at least penetrates the limestone, but not to any considerable 
depth. So the only means of determining its thickness is the 
Qutcrop, which has a vertical extent of 10 feet. It is very 
probable, however, that it extends down many feet below the 
creek level. From the outcrops and well sections of the St. 
Peter sandstone in Illinois and neighboring portions of Wis- 
consin, no intercalated stratum of limestone or shale has evei 
been reported. Nor does it at all seem probable that here ii 
this one small spot in the early Silurian sea, dolomite an< 
shale would be deposited, while sandstone was being lai — 
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down for hundreds of miles in every direction. On the con- 
trary, whenever, in passing downward through the St. Peter 
sandstone, the limestone is reached, it is classed as Lower 
Magnesian or Calciferous limestone, and the sandstone beds 
which are intercalated with it as Calciferous sandstone. I 
shall follow this classification here for the following, in addi- 
tion to the above reasons. The dolomite, shale, chert, and 
breccia here discussed, are an exact imitation of portions of 
the Lower Magnesian of Wisconsin and Missouri. Moreover, 
the same erosion interval appears to be present here as has 
been shown to exist in Wisconsin between the Lower Magne- 
sian limestone and St. Peter sandstone. A slight nonconform- 
ity is doubtless proven by the phenomena of the breccia ; but 
a greater unconformity is inferred from the following facts : 
Over the highest part of the dolomite exposure the sandstone 
is about 75 feet thick. To the south and west the sandstone 
sometimes reaches 100 feet or more above the creek, and yet 
the creek bed shows sandstone. Also, a short distance east of 
a 6 foot exposure of the dolomite it was only reached in a 
well at 30 feet below the creek level, although both dolomite 
and sandstone are apparently nearly horizontal at this place. 
Furthermore, yie St. Peter sandstone is 207 feet thick in 
Stephenson county to the north, and about 200 feet thick at 
the outcrop on Rock river. It is evident that there is consid- 
erable variation in the thickness of the sandstone in this por- 
tion of the state. But the upper surface of the sandstone 
appears to be nearly even ; hence it must be the lower surface 
whose unevenness produces this variability in thickness. This, 
of course, is caused by a very uneven surface of the Lower 
-Magnesian limestone, which was most probably produced by 
subagrial erosion in northwestern Illinois, as in Wisconsin. It 
must be acknowledged that the evidence supporting the 
iiypothesis of a Cambro-Silurian land surface in Ogle county, 
Illinois, is very weak; but there must have been one small 
spot on the site of the present P]lk Horn valley that was an 
island over which the waves broke just previous to 'the depo- 
sition of the St. Peter sandstone. 

The altitude of the top of the Lower Magnesian limestone 
in the Elk Horn valley is about 800 feet above the sea, mak- 
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ing this the highest point, so far as known, reached by this 
formation within the state of Illinois. 

*S7. Peter sandstone. This formation, as the map shows, 
underlies about ten square miles in the valley of the Elk Horn 
creek and its tributaries. Beginning in the valley of the 
main stream a short distance southwest of Foreston, it fol- 
lows the creek to Brookville on the Carroll county line. North 
fron) Brookville it occupies the valley of a smaller creek for 
several miles, and at two or three points passes into Carroll 
county. From the main body of the outcrop near the Free- 
port and Sterling road, one broad arm runs west three and a 
half miles reaching a half mile into Carroll county. The exact 
boundary of the area is very sinuous, as it is dependent on 
the ravines and valleys and on small faults which have been 
detected in various parts of the tract although obscured by 
the overlying loess. 

The St. Peter sandstone has been too often described to re- 
quire a minute description here. There are, however, some 
features which may be peculiar to this region. The iron con- 
cretions, **like broken iron pots," found in the Wisconsin and 
Rock river outcrops, are absent. The entire mass has been 
stained with oxide of iron by percolating waters and is 
brightly colored, red and yellow predominating. The lowest 
exposed strata are heavy-bedded and tolerably solid; but the 
great mass of the formation is laminated and loose. There is 
a six foot stratum of light green shale near the top, which is 
persistent throughout the area and is overlain by one or more 
heavy-bedded, partiall}' lithified strata of white or light gray 
sandstone, constituting the top of the formation. About the 
center of the northwest arm of the outcrop there is an expos- 
ure in a blutf of 65 feet thickness of sandstone. This locality 
is interesting because of the beautiful false-bedding. The 
strata dip rapidly in all directions. One portion may dip 
south as much as 30^, and the sandstone immediately above it 
may dip north, east or west at the same rate. This confused 
stratification could not have been produced except near the 
surface of the sea, and from the fact that the dip is in all di- 
rections, it is considered very probable that here was a very 
shallow spot, perhaps at times a low island or sand bank in 
the midst of the Silurian sea. Other places also show false 
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bedding, dipping, however, more decidedly in one given direc- 
tion. Resting upon the upturned edges of these layers, there 
is generally one thick horizontal layer of sandstone near the 
top of the formation. Evidently the subsidence was in 
progress which resulted in the deposition of the Buff lime- 
stone. As already intimated, the thickness of this formation 
in this area is only from 76 feet to somewhat over 100 feet, 
while in all directions from it in northwestern Illinois the 
thickness is not less than 200 feet. It attains an elevation 
above sea level of nearly 900 feet, a little less than in the Rock 
river outcrop. 

The Buff limestone. This underlies a narrow strip skirting 
the sandstone on its southern and western side. It is a mod- 
erately thick-bedded, buff or light brown dolomite, argilla- 
ceous, and nearly free from fossils. Its thickness is about 20 
feet, thinning out to the northeast. It passes, by insensible 
gradations upward into the Blue limestone and downward into 
the St. Peter sandstone. Hence its lower portion is very sandy 
and sometimes shaly. Its designation as Buff limestone is 
deceptive, for under cover it is just as frequently blue as the 
Trenton above it. Perhaps the term Pecatoniea limestone 
would be more appropriate, as it is best exposed in the Peca- 
toniea valley, near the Wisconsin line, and northward. 

Trenton or Blue limentone. This surrounds the sandstone 
outcrop and is exposed in four quarries and a number of 
smaller excavations. When drilled through, it is of a deep 
blue color; but generally on outcrop it is a thin-bedded, light 
blue-gray or light brown, very fossiliferous limestone and dol- 
omite, with a few very thin layers of shale. In the vicinity 
of the small fault marked on the northern portion of the map, 
it is characterized by the vast amount of fossils with which 
it is thickly packed. 

What makes this locality doubly interesting is that, besides 
the small fault above mentioned, it shows an unconformity or 
hiatus between the St. Peter sandstone and the Trenton lime- 
stone. The very fossiliferous thin -bedded Trenton limestone 
rests directly on the sandstone, the Buff limestone, which sep- 
arates them around the south and west boundary of the area, 
being here absent. The upper stratum of the sandstone is a 
loose, unstratified mass, about two feet thick, which is com- 
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posed of sand and clay, with no calcareous material. Now, 
the St. Peter sandstone in this region is always distinctly 
stratified and free from clay. This particular stratum is more 
like the fi^eest or residual material which has collected over 
the sandstone in the Driftless Area. Moreover, it contains 
reddish brown oxide of iron in patches, which iron st^iin re- 
sembles that found in surface clan's at the present day, and 
differs deeidedl}' from the iron stains so common in the sand- 
stone. Over this loose sand there area few inches of dark 
brown stratified clay, which would be exactly imitat^ed were our 
present blaek soil washed awa}'^ and redeposited by currents 
of water. Over this lies the fossiliferous Trenton limestone. 
Nowhere in this region have I found such strong evidences of 
a land surface and soil in Silurian times. The Trenton lime- 
stone is here about 40 feet thick. The Buff limestone is 
present as indicated by outcrops and well sections, in all di- 
rections from this locality. As there is no stratigraphic break 
between the sandstone and Butf limestone when it is present, 
the land surface here shown to have existed must have been 
small, probabl}' an island a few square miles in area. Similar 
spots of absence of the Huff limestone have been reported 
from the R()ck river area and other places in northwestern 
Illinois, and there thus seems to have been a slight but ex- 
tended disturbance, in this region during the earlier portion of 
the Trenton period. 

The Galeun Umtsionc. This underlies all the higher upland 
country, but it is scarcely anywhere exposed. Its thickness 
here is not over 100 feet, while in Stephenson county to the 
north it is HiO feet, and about (ialena and Dubuque 350 feet. 

Deformations of thk Area. 

The area whose geology is under discussion is crossed by~- 



three anticlinal axes. The main axis trends from northwest 

to southeast and is a eontiinuition of the Grand de Tour — Li 

• 

wSalle anticlinal, whieh is the chief axis of northern Illinois-^ 
This autieline in the Elk Horn district is not very prominentz^^ 
the strata (li])ping in both direetJons from the crest at a rat» -z:^" 
not exceeding 80 fcMt per mile. This alone could not hav ^.^ 
brought th(^ St. Peter sandstone to light; but it is the intent' — 
secrtion of this with two east and west anticlinals whic— ^_ir 
has so (^levated the formation that stream erosion has laid " i 
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bare. These two secondary axes are so close together that the 
synclinal trough between is almost imperceptible. It is rath- 
er to be described as a llat-topped uplift from one to two 
miles wide, with a slight axis or ridge at either side of it. 
But from the fact that these two bordering ridges diverge and 
become more easily distinguishable to the west, 1 prefer to 
consider them as two anticlines. They sweep across the dis- 
trict in slightly curved lines, trending in a general east and 
"west direction, and concave to the north. On a line directly 
south from the city of Freeport, the curvature is rather more 
decided than further east or west, the axes there turning from 
a slightly south of east to a slightly north of east direction. 
It has been observed that all the deformations of this portion 
of Illinois which come in by gently curved lines from Iowa 
turn rather abruptly toward the east-northeast on or near this 
same north and south line. From this fact, and because there 
was sometimes a small island and always an ascent to an ele- 
vated part of the sea bottom on the site of the present Elk 
Horn valley, it is inferred that this line occupies the position 
of the crest of a southern prolongation of the ancient area of 
uplift which has been frequently denominated the **Isle of 
Wisconsin." This, in the subsequent reelevation and corru- 
gation of the territory, would determine the position of the 
most southern point of the various antidinals which Chamber- 
lin, McGee, and other geologists have shown to sweep around 
the Isle of Wisconsin in approximately concentric courses. 

Of the two east and west anticlines crossing this area, the 
northern one is the most prominent. The dip on the north 
side is about 100 feet per mile, or 1.7°. This is soon decreased 
to about 40 feet per mile and so continues six miles to the 
axis of the next synclinal, which lies on the Stephenson and 
Ogle county line. This synclinal is occupied by an upland 
ridge, underlain by Niagara limestone, the edge of which is 
only four miles distant from the outcropping sandstone, and 
less than 100 feet higher. The westward prolongation of the 
anticline is occupied by the valley of Carroll creek, where 
Hon. James Shaw, in his '*(ie(»logy of Northwestern Illinois,'' 
describes a slight axis. Eastward from this area, the jmsi- 
tion of the valley of Leaf river was probably largely deter- 
mined by this anticline: for it is the rule in this part of the 
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8tat« that the streams occupy the anticlinala, and the larger 
upland ridges the synclinals. 

As already intimated, the dip between the two secondary 
axes of the area is very slight. But on the south side of the 
southern anticlinal the dip averages 120 feet per mije or 
2.04°. This, however, is not continued far, as the strata soon 
rise into another anticlinal. 

Besides these regular deformations, there are numerous 
local disturbances, the chief of which are small faults. One 
only will be described. This is two and a half miles south- 
west of Foreston, and the exposed portion shows the disloca- 
tion of the St. Peter sandstone and Trenton limestone. The 
strike is northwest to southeast. The dip is about 80° to the 
southwest. The downthrow is on the southwest side (on the 
anticlinal side), and amounts to 40 feet. This small fault is 
noteworthy, from its being the only one in this portion of the 
state where the actual contact can be observed. 

Summary. 

The history of this area, and its features of special inter- 
est, may be summed up as follows: 

History, (a) Deposition of the Lower Magnesian or Cal- 
ciferous limestone, (b) Probable elevation above sea level 
and erosion of valleys, (c) Existence of a small island lying 
olf the southern point of the Isle of Wisconsin. The waves 
beat about this island and over it, forming a thin breccia, 
(d) Deposition of the St. Peter sandstone. The sea in the 
vicinity of the now submerged island was shallow, and at 
times one or more sandy islets may have existed to the west 
of the old island site, as indicated by the irregular stratifica- 
tion, (e) Deepening of the sea and the formation of the 
Buff or Pecatonica limestone, accompanied by a slight eleva- 
tion in the northeastern portion of the area, forming a small 
island, (f) Slight er(>sion and slight soil production on this 
island, (g) Decided submergence of the entire region, and 
deposition of the Trenton, Galena. Cincinnati, and Niagara 
strata over it. (h) Last elevation above the sea level, accom- 
panied by the formation of slight anticlinals and many small 
faults, (i) Krosion of the present valleys. 

Features of sped til Interest, (a) The parallelism of the 
Lower Magnesian limestone of Wisconsin and the Elk Horn 
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area in their superior member consisting of breccia, and in 
there being a well marked erosion unconformity at its surface 
in Wisconsin and an inferred one (supported by some facts as 
noted) in northwestern Illinois, (b) The similarity, inlitho- 
logical constitution, between the Lower Magnesian limestone 
outcrops seen by the writer in Missouri and in the Elk Horn 
area, both displaying several features peculiar, as I believe, 
to this formation, (c) False-bedding is rare elsewhere in the 
St. Peter sandstone, but is common in this area, (d) Depos- 
its at the contact of the sandstone and Trenton limestone 
which seem to indicate conditions of soil formation, (e) The 
confirmation of Mr. W J McGee's suggestion, in his memoir 
on the "Pleistocene History of Northeastern Iowa," that the 
elevation of the strata to such a degree as to permit the St. 
Peter sandstone to outcrop at several points in Illinois is due 
to the intersection of different members of a system of paral- 
lel undulations, developed in Iowa and continued eastward in 
Illinois, with the Grand de Tour-La Salle anticlinal. 



HISTORY OF INSTRUCTION IN GEOLOGY AND 

PAL/EONTOLOGY IN GERMAN 

UNIVERSITIES.* 

By Karl A. von Zittel. Munich, Bavaria. 
In the fundamentHi researehfs of X\w preceding and the beginning of 
the present centuries, by virtue of which Geology and PaUeontology 
rose to the dignity of indef)endent natural sciences, German institutions 
bore pnly a very insignificant part. The higher academies of that jm*- 
riod could boast as a rule of but a single professor of natural history, 
who usuallv combined instruction in botanv and zoologv, and sometimes 
also in mineralogy. The work of the modern field-geologist and topog- 
rapher was carried on in those days merely by mining engineers, to 
whom, indeed, we are indebted for the first truly scientific reports on 
the areal geology of a region. Lehmann (17'i(5) and Fiichsel (1762) pub- 
lished as long ago as the last century the results of their observations on 
certain milling districts in Thtiringia, established and defined the idea 
of ''formations" (as for example the Kupferschiefer. Zechstein, Roth- 
liegendes, et<;.)» and worked out the stratigraphy for the Thtlringer 
states. Ftichsel even went so far as to attempt a cartographical deline- 
ation of his observations, and this, th<' first geological map ever con- 
structed, he proceeded furtht^r to elucidate by means of profiles. The 

•Translated, with permission of the author, from Die deutschen Vniversiiuten (ed- 
ited by Prof. W. Lexis, Berlin, 1894), by Charles R. Eastman, Ph. D.. Saint Paul. Minn. 
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practicul siji^nifiCHnct* of tln'St» inv«*stiKHtions, howov«»r, was not fully 
apprecial^'d until Abraham (ioUlob WcrntT (17.>0-1817). proft'ssor of 
min«Talo^y in tin* Fn*ib<'r^' Scb<M)l of Mines, extended FUchsel's con- 
ception of a jreoloirical formation and used it as a basis for his theory of 
the com|>osition of the earth's crust. Werner's remarkable ability and 
maKHelism as a teacher were the means of kindling an enthusiastic in- 
terest in the new science all ovjt (Jermany: and from the little minin&: 
town in Saxony there emanated a new intellectual movement which 
si)read even into forei«rn countries, where it met with stronji^ and tal- 
ented supporters in such men as Hutton, William Smith. l>olomieu, 
C'uvier. Hronjrniart, de Saussure and others, who had devoted them- 
selves \o the stud\ of ^eolojry and paheonlolojry. Altliou^h (iermany 
justly prides herself on iH)ssessin^ in the tlrst decade of the present cen- 
tury three of the irreatesi and most illustricms minds in geology. Werner,. 
Alexander von Humboldt, and I^eoixOd von Huch, nevertheless neither— 
they nor their able coadjutors (von P>eiesleben, Heim. von HotT. voin 
Schlotheim. Count Miinster. Ifeinrich Credner. Hermann von MeyeK— 
and others) belonjred to university circles, but were either indeix»ndentlw- 
situated or were euirasred in (»ther pursuits as well. 

Not until the second and third decades of the century, after the fua — 
damental i>rincii)les of p'olo^y had become well established, did th ••-^' 
universities beirin to participate in the further development of the scm. - 
ence: they soon t<M>k the lead, lujwever, and have maintained them^ r 
precedence ever since. The first chair devoted exclusively to minera ^- 
ojry (held by Ch. Wi'iss) was founded in 18<)8 in lierlin, and thisexamp "^t^ 
other universities were not slow to follow. Instruction in geology d^»s^'- 
volved entirely on mineralogists, while pahrontological investigatio^n_is 
remained in the hands of z<K)logists and botanists. That Berlin. in 

conseipicnce of the iM>werful influence of Alexander von Humboldt ar id 
Leopold von Huch. should have stcnnl so long in the very foremost i_ x)- 

sition. was reallv less due to th«> efforts of thi* Universitv itself than tc > a 

younger body of highl\ gifted, enthusiastic workers, who, stimulat ed 
and directed by the two great masters, pushed out in all directions in 

geology, and fountled in KurMtiu'n Archinn n valuable organ for tli- »'ir 
communications. 

It was not long, however, until nearly every higher academy in (Sr er- 
many was provided with a full ])n>f<'ssor in mineralogy, and pains w" ^'H' 
taken to secur»' all sorts of aids t(» instruction; especially suites t>f r*- --^ck 
s[M'cinn'ns, ores, and fossils: and at the same time, owing to the ra '^ul 
strides beinir made in g»*<dogy. a division of labor l>ecame nec«*ssi^ ry. 
After the ])hysioirraphy of lh»' various minerals had been iiivestigii. '•♦'d 
with s()m«'(h'gr«'e of thorouL'luiess, mineralogy sided over more n<*i.«. rl.^ 
in line with ch»'niisirv and plnsics: while ireoloirv was understunl a'* 
applying: mon- parlicularly to paheoniojo^y and lithology, together >^'J^^^ 
the jiroblrms of vulcanism, mountain-making, and general dynamic A?**' 
ology. The ditticully of propt-rly din'Cling the steadily augmen"!- ' '*^' 
numbers of geological discii)les became m(»re and more serious, so t li^**^ 
first in Munich (ISt^i), then in Herlin. and before long even in the sroa»l l***" 
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iiiversitii'S. a second either full or assistant professorship in ^eolo^y 
id palieontolo^y was established in addition to that in mineralogy. 
I present there are three full professors in Berlin and two in Bonn, 
(Uiinjren, Leip/ic, Marburg, Munich, and Strassburg: most of the other 
liversities retain a full professor in either geology or mineralogy, and 

I assistant pmfessor in palteontology. On the individual accomplish- 
ents and the si>ecial services rendered to science by many of the occu- 
mts of these chairs is based the claim which German universities have 
t mak»' on the building up and furtherance of geology and pahpontol- 

Among the older institutions of Prussia, Berlin was from the first 
le best equipf)ed in facilities for instruction, in rich collections and li- 
raries. and in a strong corps of teachers. The researches of Gustav 
ose. Ramm«*lsberg, and Justus Roth in lithology, chemical geology, 
fid vulcanism, the fruitful inquiries of E. Beyrich in the department 
' structural and historical geology, together with his geological recon- 
lissance of Silesia and the base of the Hartz, the pioneer investigations 
' Ehrenberg <jn microscopic rock-building organisms, both recent and 
►ssil, as well as the unfortunately too scantily recognized work of 
schatz in the construction of microscopic sectionsof minerals and rocks, 

II contributed to make Berlin, oven after the death of Leopold von 
uch, a leading center of geological and palieontological research. In 
N'cember, 1848, the DeuUche Geohyi/ie/ie Ge^ellschaft s[)rang into being; 
nd with it a periodical was founded, which down to the present mo- 
lent has continued to exercise a most powerfuHntluence on the growth 
f gc'ology and paleontology. 

Bonn vied for a long time with Berlin for the precedence. By a for- 
mat** coincidence* there was gathered here, about the middle 
f the century, a notable company of scientists, such as Niigger- 
th. Bi.sch<»f, (roldfuss. Ferdinand Roemer, Mohr, (ierhardt vom Rath, 
olgelgesang, Zirkel, and von Dechen, director of mining industries, 
I of whtjm were highly prominent in their various sp«*cialties. Von 
••Chen's geological atlas of the Rhine country and Westphalia, which 
»fieared in 35 she«*ts on a scale of 1 : 8<},U0O, and was accom[)anied by 
ro volumes of text, was the first geological map of a considerable part 
Germany executed on a large scale. It remains to-day a remarkable 
stance of precise observation, and builds th<' foundation of all subse- 
lenl surveys. The publication of von Dechen's Oe.ognot(tutc?te Ntbtr- 
htMkarte con Cfntnil Knropa, in 1809, rendered the results of geological 
ve.stigations universally accessibh*. Ferdinand R(x*mer's Rheinurhex 
Jtu/ergebirg, dm\ (ioldfuss's Petnfarfa (rVrw^iwiV^, will endure as noble 
onuments to the patient industry and accuracy of German investiga- 
rs: while G. Bischof's renowned Ijthrbuch der physikalOtehen und rhtm- 
htn Geohyie o\H'.i\i^i\ up in an original manner a new and (piite uni>x- 
ored territory, and atfected a iw^rmanent modification of the current 
eories of volcanic action and the origin and metamorphism of rocks. 
I Bonn also originated th«* modern reform in i)etrograpliy. The light 
rown by H. Clifton Sorby's investigations into the microstructure of 
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rc>ck-formin^ minerals whs first recojrnized in its true significance by 
Ferdinand Zirkel (now of Leipzic), whose further development and 
refinement of the subject put an end to the long jwriod of stagnation In 
petrography. At the head of the modern sch<K»l of pelrographers 
stands first of all Zirkel, alongside of whom Rosenbusch and Cohen (of 
Heidelberg and Strassburg) are none the less conspicuous, not only on 
account of their iK*netrating researches, but also for having devised 
most skillful means for bringing the principlosof physics and crystal- 
optics to bear on the microscopic analysis of rocks. 

The University of Halle. Prussia, where (iermar, Fr. Hofi'man. Kefer- 
stein, (iirard, and von Fritsch were engaged as geologists, and (Jiebel 
and Hurmeister us paheontologists. lays claim to imi>ortant services in 
the advancement of ge(»logy and palauMitology. Hreslau. since its call- 
ing, in 185'). of Ferdinand Koemer, the leading authority on Palaeozoic 
formations, to a professor's chair, has been the training school of a large 
number (»f (iermany's ablest and for the most part still living geolo- 
gists and paheontologists, such as von S<H»bach. Schliiter, Hermanim 
Credner. Kck. Dames. Tietze, and numerous t)lhers. 

The beginning of the pres<M)t century found a vig(»rous scientific lif»?? 
pulsating in (iottingen University, Hannover. The ideas of Werner, Al- 
exander von Humboldt, and Leo[K)ld von Huch fell here on fertile soil- 
While Blumenbach had early grasjKHl the imi)ortant significance of 
fossils as means for identifying different strata, his successors, Hau»- 
mann. whcKse inve.stigations were by no means confined to mineralogy 
alone, Sartorius von AVj^ltershausen, and C von Seebach, rose to a still 
higher degree of influence among German geologists. Sartorius in par- 
ticular, through his monographs on Etna, on the physical geography of 
Iceland, and on the climatic conditions of former i>eri(His, enriched sci- 
ence with works of ran* learning and of i)ermanent value. 

Among the universities of central and southern Germany, those in 
Heidelberg, Leipzic, Munich and TiibingtMi an» the most important. 
Heidelberg commanded, as early as the third decade of the century, an 
advanced position in the linesof geological and paheontological progress. 
In the iM'rson of C. C. von Leonhard, compiler of the MinerahffUtrhet 
Taar/ifnburh ni\<\ founder of Ww Neuen Jahrlrtirhfilr Mineralogies Geologif, 
vnd Pvtrefaktenkundv [yiWwh, together with I he Zeitsrhrift der deuUehen 
geoloffi^cheti (h«ellHchaf(^ is the most imiM>rtant of all jjeriodicals in geol- 
ogy and paheontology), the university i)osessed a lecturer of charmini? 
eloquence, and a brilliant student of volcanic action and eruptive rocks. 
\^y his side stood H. G. Hronn, i>rofessor of zoology and paleontology, a 
man of prodigious scholarship: his LetfuM GeoguoMica is one of the bul- 
warks of geological and paheontological literature, while his GeMchirhte 
der Natur and Titdtx PnbfontohnjiruH were for many years most indispiMi- 
sible requisites for every worker in paljeontology. The jietrographical 
studies of U. Blum also occupy an enviable i)osition in the geological 
literature of (iermaiiy. 

In Leipzic. beginning with 1842, (\ F. Naumann lectured in mineral- 
ogy and geology for thirty consecutive years, after having already 
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served sixteen years as professor of crystallography and geognosy in the 
Frt»iberg School of Minos, where he won renown for his excellent crys- 
tallographic and mineralogical researches. While at Freiberg, also, he 
had been engaged with Bernhard von Cotta in the construction of a 
geognostic map of Saxony, which was published on a scale of 1:120,000 
and exercised an immense influence on the growth of the mining indus- 
tries, especially in the coal regions of Saxony, and rivalled in ix)int of 
accuracy von Dechen's map of Rhin^land and Westphalia. But Nau- 
mann's crowning geological work is his MirbucJi der Geognoffie, univer- 
sally recognized as the most thorough and comprehensive treatise on the 
subject and which remained for decades the one ideal handb(X)k for 
every student of geology. Naumann's exceptional ability as a teacher 
made Leipzic an imi)ortant center for training in mineralogy and geol- 
ogy: nor were the old traditions swept away at Naumann'sdeath, which 
occurred in 1873, since his mantle fell on two such worthy successors as 
F. Zirkel'and Hermann Credner, the latter of whom is the author of the 
b<'Sl shorter textbook on geology that exists, and is director of the Saxon 
Geological Survey. In the study of palaeontology, however, Leipzic 
offers but few advantage.s, although the botanist Schenk, together with 
Schimper, Geinitz, Wei§s and, more recently. Count Solms-Laubach 
(Strassburg), hns rendered most valuable service in enlarging our knowl- 
edge of fossil plants. 

Of the three Bavarian universities, Munich led the way by beginning 
in the second half of the century to take a lively interest in geological 
and paliBontological discoveries. The rich collections of the Royal 
Academy of Bavaria, after the removal of the university from Land- 
shut to the capital, were placed in the custodianship of a university 
professor, with the privilege of their being used for educational and 
other scientific purposes. Schafh&utl was the first full professor of ge- 
ology appointed (1843), who devoted himself chiefly to the investigation 
of the then alroo8t wholly unknown geology of the Bavarian A1])S, while 
A. Wagner, professor of zoiilogy, took charge of the pala^ontological 
work. Later, however, as W. GUmbi'l began his career as scientist, 
university instructor, and director of the State Geological Survey, and 
little by little as the results of his forty years' exi)erience in the exhaus- 
tive study of the geology of Bavaria were published in his great work 
((rntgnmtidehe BeHchreU)ung der bayeriHchen Alpen, dcs oMtbayerUchfU Grfnz- 
fffbirges, den ViehielgebirgeM, und frilnki^trhtn Jura), and as at the same 
lime Alb. Oppel entered upon his brief but mos! successful ix*riod of in- 
struction, Munich became more and more prominent asa training sch<M)l 
in geology and palteontology, and during the last thirty years has turned 
out a goodh* number of some of the ablest younger geologists and pahe- 
ontologists, such as Benecke, Waagen, Schwager. Schlonbach, Neu- 
mayr, von Sutner, Branco, Naumann, Vacek, Pohlig, li()hm, Steinmann. 
Penck, Rolhpletz, Walther, Gottsche. von Ammon. Schlosser, Ueis, von 
Wohrmann, Jaekel, Eberhard Fraas, and others.* 

[*The extreme modesty of the author forbids even the bare mention of his name in 
Connection with the University he has served so well. It is, however, scarcely necessary 
to add that the pre-eminence which Munich enjoys to-day. among European training- 
schools in geolc^ and palaeontology, is due almost wholly to the rare ability and influ- 
ence of our master in these sciences.— Trans.] 
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In Tabinp'ii, F. A. Qu^nstedt (18(m-188«). (»iie of tlu- most original, 
bnmd-sidf'd and capable of (Jcrman ^eoloffists and palieimtolo^isU. 
taiifrbt for over half a century. His tireless enerjry in investi^atin^r the 
jriH)Iojry of Wiirttemberjr. and in particular the Schwllbian Jurassic, his 
rare talenl for instruction, and his reputation as an exceedinjrly close 
observ'T, created for him such res|)i»cl, not only on the part of his hear- 
ers and si)ecial students, but of a far wider circle as well, that his nam** 
attained a wonderful popularity and the jreneral interest in ff»*ology ex- 
tended even to s<»cial classes which in all other resjiects hold nothing 
in common with science. In many a neighborhood in the Schw&bian 
Alps one meets with common peasants who are fondof collecting fossils, 
are iM'rfectly familiar with Quenstedl's subdivisions of the Jurassic and 
with a variety of other jreologicul facts. Quensledt's career is an elo- 
quent example of what truly valuable service a -single enterprisinjtr 
spirit can render, although commanding but the most limited rt^sources:. 
nor is his example by any means unique in (Jermany. Nearly all th»* 
universities abt)ve mentioned, not excepting even the smaHest, carm 
boast of at least one or more pr(»fessors in geology, such as Ihmcher, von 
Klipstein, Fr. Sandberger, Pfaff, Streng, Kayser, von Koenen, Laspey- 
res, .lohann Lehmann and others, who have especially signalized th''m- 
selves either as educationalists or as investigators. 

During the last three decades geological bureaus have btH»n instituted 
in nearly all the states of CJermany. and in consequence k large share (»f 
th<" practical work formerly carried on in ctmnection with universiti»»s 
has been absorbed. At the .same time, however, these bureaus are as a 
rule placed under the direction of univ<'rsity professors, to whom in 
fact their initiation is usually due. The chief field of usefulness which 
mtKlern universities subserve consists in the giving of instruction, in 
the higher theoretical training offered to younger s}X'cialists, and in the 
opfK»rtuniti<*s for conducting original research work. With the over 
widening scope of the science, with the fairly (overwhelming amount of 
working material and with new and refined meth<Kls of research, the 
necessity of changes and improvements in the mode of in.struction be- 
comes self-evident. The functions of the modern university professor 
are by no means restricted to lectures and excursions, but it is also of 
the utmost imi)ortance that tlu' beginner should have the actual work- 
ing material and the literature placed in his hands, should gain practi- 
cal exiH*rience in various methods of research, and should be entrusted 
with original research work under the instructor's direction. Tho 
proper fulfillment of these conditions presupiKise.s, of course, a thorough 
etjuipment in libraries and museums, and the intrmluction of some such 
arrangement as oiH' finds in chemical laborat<)ry*s for example, when* 
both beginners and advanced students find an op{K>rtunity for engaging 
in individual laboratory work. Institutions of this character are to b** 
found in connection with mostlierman univ«'rsitiesof the pre.sent day, nil 
differing more or It-ss from oiieanoih^'r, howt'ver, according to the means 
at disposal and according to the various scientific si)ecialtiesof the indi- 
vidual instructors. While, for instance, in Leipzic, Heidelberg and 
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<frt*ifswakl tho [M^tm^raphical sid«' is more os|>«'ciHlly cultivated, on the 
«*ther hand the iinivorsities of Munich, Berlin, Sirassburj?, Breslau, 
lionn, Giittin^en. Halle and Tubingen, partly b<*caiise of their rich col- 
lections and partly on account of their excellently organized and well 
e<|uip|)ed special Institutes, offer the best advantaj(es for paheontologi- 
cal training. In the smaller universities, where the number of geologi- 
cal students is naturally limited, laboratory accommodations mav b<' 
reduced to one or two rooms, and in some cases the students' working- 
collections are also placed here. In the larger institutions students in 
lht» elementary and in advanced courses work apart from one another, 
and the amount of space occupied is necessarily much larger. The in- 
strumental outfit consists mostly of microscofx's, various kinds of saws, 
grinding and [>olishing machines, and other necessaries for the construc- 
tion (»f microscopic sectitHis. 

If one will compare the advantages offered by (Jerman universities 
for the s|N'cial pursuit of geology and palaeontology with those existing 
in similar foreign institutions, the conclusion cannot be avoided that 
our institutions are by no means behind the others in i)oint of excel- 
lence, but, on the contrary, that they and their methods may well serve 
as models for other countries to y)attern after. 



EDITORIAL COMMENT. 



'*The Mineral iNDrsTin.'' 

The Scientific Publishing Company has recently issued its 
second volume under the above title. Aside from its title^ 
which is a misnomer, the work is very creditable and valuable. 
Such a title would lead a geologist to look for the statistics 
and methods of dealers in minerals, such as Geo. L. Knglish or 
A. E. Foote, who have been known for many years as leading 
mineralogists and who have sent their consignments to nearly 
every college in America. But their names are nowhere, to be 
found in the volume, at least they are not in the index. It* 
has to be explained that this volume is not devoted to miner- 
als, but to the mining of such minerals as are of economic 
value, and to the methods of getting them into the markets, 
either in a raw state, as ores, or in a refined state suitable for 
the hand of the manufacturer. 

In the early years of a new country the energies of the set- 
tler are devotod necessarily to the quickest and easiest means 
of winning a comfortable subsistence, and that makes him a 
tiller of the soil. He becomes a manufacturer and a trader 
later, and last of all he becomes a miner. The United States. 



1*»6 Tk^e Amm* \^^m G*»yo^i4f. 

i« j-i*t ^riC#-nr.g '^pi-n chi* la^i --lAjrc and ha« made considerable 
pTfr^*r^ in it. Thi* drTr-I/.|.Ernt "f the er«>nomic side of ge- 
•u'-g^ K** b**n Ttrrr rapid ia As^ri*^ within the last fifteen 
j*-ar». and it foretr-Il* f'>r the f^itiirf «uch changes from our 
pr*--*nt nieth«>d* of icdii<^tria; ec»»ni>niT that when they are 
ffjllj e^tab;i<^h<rd thrT will reT«»iuti<^ni2e manj of the conven- 
ti^»nal war* '-f ni«idem -i-icietT. The di«cnTeix of the means 

• « « 

x^f ^-ontrril electricity wil: lead directly to the employment of 
water p^»wer v» execute m^'St ••{ the Ci>stiy work at the mine. 
With a cheapening of the work will go an extension of the 
product of the mine, and this will extend the mining industry 
in ail itf^ ramifications. 

The American Institute **f Mining Engineers has been the 
head and front of this rapid growth of the mining interests 
amongst the practical ge«»logists of the country. It represents 
the best f»rganized system for bringing together for eompari- 
•^»n and for prest-rvation the results and methods of the scien- 
tific roiner-^ of the United States. It^^ establishment marked 
an epof-h in scientific mining in America. Its published vol- 
umes are among the most valuable geological works of the 
day. Here iht* the«»retical systematist in geology will find his 
theorie* put to the unfailing test of practice. It is not too 
mijr'h to say that to the miner, and hence to the mining indus- 
try, geology must Un^k for most of its future progress, at least 
in the United States. In Tanada the t^H>nomic side of geology 
lias always been put to the front and systematic geology has 
lieen comparatively neglected. The reverse has been the case 
in the United States. The example of New York State, which 
has entirelv neglected, otticiallv. its economic resources and 
^ ha« spent much upon the technical and paleontologic aspects 
of ^eologieal science. ha« been followed by too many of the 
Stat*' survevs and too closelv hv the United States survev. 
Kconomi^' ge<»logy ha-s made headway in spite of this indiffer- 
ence. Speculative and technical j^eology has had the field for 
many year"^. hut it heeoines more and more apparent that 
room must he made for an extension of that phase of the !<<*i- 
ence wliieh directly (.'oncenis the greatest number of people. 

The >ee(»nd epoeji-niarkin^ event in this progress is the es- 
tablishment of the publication which is above referred to. 
The United States (Geological Survey has made an effort to 
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publish the statisties of mining*in the United States from 
yrear to year, and its annual reports on statistics have fur- 
nished a record of a mass of information which is valuable 
and must be preserved for future use, but they have been 
published so late that they have been cheated out of their 
chief value, which centers in the present use that can be made 
of such information. They are like the reports of the Smith- 
sonian Institution, coming after the information which they 
convey has become old, and has been seen and used by the 
Deed of the times long before. The tortuous and time-taking 
'red tape" of the government is in this volume cut into frag- 
ments and a result is reached before the government fairly 
begins its task. "Belated statistics are ancient history, of 
little practical value in the active affairs of an industry, or as 
A guide for legislation affecting it." Private interests were 
therefore the first to feel this defect and the first to remedy it. 
The result is sufficient testimony to the need of such earlier 
publication, and a sufficient warrant for the U. S. Geological 
Survey to withdraw entirely from this field unless it be in 
terms ordered by law to continue. The decennial census would 
supplement this publication sufficiently, and would correct 
8uch errors as may be found incident to hasty work. 

The volume, however, is not made up of statistics. It is a 
first class treatise on economic geology. Its writers are ex- 
perts in the lines in which they have contributed information, 
and have treated fully of the ores, as to mode of occurrence, 
means of extraction, geographic distribution, metallurgical 
processes, values at the markets, exports and imports, uses, 
and total production. The various mining schools of the Uni- 
ted States are described and the value of geological surveys 
is indicated briefly. The work emanates from New York, 
that throbbing heart of the continent's commerce, n. h. w. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Tllunt rational of the Fauna of the St. John f/roup, Ao. V IH. U. F. 

Matthew. (Trans. Roy. Soc. Cunada, 1893, sec. rv, f»|). 8r)-120, 2 plates.) 

The long" and hi^h In-* interesting and succM»ssfnl researches of Mr. Mat- 

hew into the fauna of the St. .lohn jjroup are in this pajKT brought to 
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a formal closi*. It inchichvs a survey and summary of the work fmm 
the bcpnniii^ to the Pud, the foH.siIs IxMiig all named in tabular arrange- 
ment and referred to their stratigraphic positions in the series. Tho 
strata that contain these fossils are comiK>sed of four main parts, viz: 

Feet. 
Basal series (Ktcheminian) at Hanford brook, St. Martins. 1,200 

Division 1 (Acadian) at the Alms House, Simonds 650 

Division 2 (Johannian) at King^s scjuare, Carleton 1,000 

Division 'A (Breton ian) at Straight short?, Portland 700 

Total thickness 3,550 

Of these the Etcheminian. which is below the St. .John proper and 
separated from it by some evidence of a plane of erosion, is perhai>8 the 
representative of the Olenellus horizon. From it, however, only a very 
sparse fauna has been obtained. The strictly primordial trilobites ar^ 
confined to division 1, of the St. .lohn group projwr, in which bands c 
and d are characteristically a Paradoxides horizon. No species of Olen- 
ellus is listed. Division 2 is practically non-fossiliferous, having afforded 
only tracks, burrows and trails. Division H, however, has in one of its 
bands near the top, a large number of graptoljtes which are thought to 
ally the beds of this division with the I^ower Silurian (Ordovician) hor- 
izon (Amkrhan (ikolooist, xii, pp. 19.-{. 340). With these are brachio- 
fM)ds and a number of trilobites, the latter being Agnostus bisectus. and 
A. trisectus. Parabolina spinulosa, heres, and grandis, Parabolinella 
[)osthuma. Protopellura acanthura var. tetracanthura. Peltura scarabe- 
oides, Cyclognathus rotundifrons, Lepto])lastus lalus and spinosus, 
('tei)opyge fiagillifi'ra, acadica and jM'Cten, Sphji»rophthalmus alatus var. 
canadensis, and Conocephaliles contiguus. and two unknown species. It 
may be (juestioned whether this fauna should hot be kept within the 
rpper Cambrian, as that term is used by most American geologists, 
rather than extending the term Ordovician or Lower Silurian down- 
ward so as to cover it. The term Ordovician was devised to cover thosi^ 
beds which were in dispute between Sedgwick and Murchison, and they 
were the Bala and Llandeilo, the American Huds<:)n Kiver and Trenton, 
and to these it would seem legitimate to confine the term. The above 
fauna is lower than the true Ordovician, and comes more nearly at the 
horizon of the St. Ooix. or I'pper Cambrian. N. h. w. 

('ontrihnti(Hi to the Knoirlfilyr nf the Pretjlaeial Drainage of Ohio. By W. 
(i. Tkjht. (Bulletin of th«' Scientific LaboratoHes of Deniscm Univer- 
siiy, vol. viii, pp. 3.")-02, with five plates. June, 1894.) In this article 
Prof. Tight has published the results of some of his observations on the 
trlacial ireology of the district near and around Oranville and Newark, 
Ohio. It would not be easy to find a more complicated spot than the 
gorgi' of the Lickinir river between Newark a?Kl Zanesville; and the au- 
thor's explanaticM] of the history of the changes that have produced this 
gorge, or rather these gorges, seems natural and neces.sary. He traces 
threr distinct and succ«*ssiv«' channels of the river consecjuent on the 
conditions caused by the i)resence of the ice-sheet and of the morainic 
matter left on the surface when the ice retreated. The pcmding back 
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of the wat«r of the Muskingum by tlie caslern odjfp of thf Scioto lobe of 
the continental glacier caused that river to desert what the author re- 
gards as its pn'glacial cliannel and to take a new (»ne along its present 
course. The deposit of huge moraines across the same preglacial chan- 
nel produced a lake covering the site of the present Licking reservoir, 
which was ultimately drained by the cutting down of its eastern bar- 
rier. The figures accompanying the pa|)er will enable any glacialist to 
comprehend the author's reasoning, but only a visit to the spot can 
show its full force and significance. 

In the second part of the papier the author ranges over a much wider 
field and attempts a reconstruction of the preglacial hydrography of 
Ohio which is bt)th novel and striking, but which, in spite of some 
strong points, geologists will be slow to adopt, at least in full and with- 
out modification. He traces the preglacial Muskingum from its present 
channel at Dresden southwesiward to Newark along a wide abandoned 
valley and then through Fairfield county int^» the Scioto basin. Thence 
he carries it to the west and northwest through Madison and Cham- 
paign counties into the Wabash drainage system in Indiana. This view 
certainly affords an e.xplanati(m which no other has done of the very 
deep drift-filling along the line in question, and esf)ecially of the im- 
mense mass of drift at St. Paris, where it is more than 500 feet thick. 
But it compels the blotting out of the Ohio as a continuous channel, and 
renders necessary the adoption of the view that the present valley of 
that name is made up of parts of several preglacial valleys united by 
glacial and postglacial cross-cuts. This will scarcely commend itself to 
glacial geologists withtmt very strong evidence. The task is t<H» vast 
for postglacial time. Possibly some modification, however, may remove 
the difficulty and allow the abandonment of the Wabash channel at a 
earlier date and the establishment of an Ohio before the (ilacial jK'riod 
began. We should like to suggest to the author a consideration of some 
of the possibilities along this line. Change of level in the ])eneplain 
during Tertiary time may have been sufflcient to i)roduce such an effect, 
and of this some amount of evidence is already attainable. 

Professor Tight quotes the fact that the valleys of the present Mus- 
kingum, the Scioto, and other streams of the same region, narrow to the 
southward, in supiK>rt of his opinion that thi'ir flow has been reversed. " 
The argument is g(MHl, but would apply as well to that above suggested. 

E. w. c. 

On the ocrurrence of a large area of Nepheline Syeni4e in the townnhip of 
Dungannon, Ontario. By Frank I). Ad.\ms. (Amer. Jour. Sci., 3, vol. 
XLvni, pp. 10-1(5, July, 18J»4.) The area described is in Hastings county, 
in the midst of Laurentian rocks, and this is the first discovery of neph- 
eline svenite in the Laurentian svstem of Canada. The essential con- 
stituents of this rock are nepheline, which often makes up almost the 
entire rock, albite, and some little brown mica and hornblende. Ortho- 
clase, which is common in rocks of this class, is not found as an original 
minnral. A noticeable feature of the rock is the (occurrence of scapolite 
and calcite, both rather common and having the api>earance of original 
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constitiu*nls. The origin of th»» calcit«» is difflcult to deU?rmin«»: it is 
not a (lecom[X)siti<)n prtxluct in the ordinary senso, and it does not seem 
to fill microlitic cavities. In an accompanying? ]>a|)er Dr. B. .1. Harring- 
ton j^ives analyses of s<»nie of the minerals of this nepheline syenite. 

u. 8. G. 

Secotid ExpeditUm to Mount St. EUa*, in 1891. By Israel Cook Rus- 
sell. Pages 91; plates iii-xx.xi, and six figures. (Advance extract 
from the Thirteenth Annual Heiwrt of the 1'. S. Geol. Survey, for 1891- 
'92; AVashington, 1894.) The observatiims made by Prof. Russell, in 
his two expeditions to Mount St. Klia.s, concerning the transportation 
and deposition of till by the Malaspina glacier or ice-sheet and the sup- 
f»ly of large amounts of moclified drift to the streams of its melting by 
which they are de[K>sited as eskers, kames, and extensive fi<KMl-plains, 
have greatly stimulated the researches of American glacialists to de- 
termine the proix)rtions of the Pleistocene drift borne along respective- 
ly in the mass of the ice-sheet and beneatli it, and how it acted lo heap 
up the drumlins of New England, New York, Wisconsin, Ireland, and 
Scotland, and to form the conspicuous esker ridges of Maine and Sweden 
and, in less abundance, of all glaciated areas. These and similar ques- 
tions, relating to the genesis or methiKls of formation of the gl:icial and 
modifi<>d drift, at prt^senl enlist the attention of workers in this field as 
never before; and for the advancement of knowledge in these directions 
Profs. Chamberlin, Wright, and others, are now absent in exploration 
of the borders of the (ireenland ice-sheet. By these studies of living 
glaciers analogous in all their phenomena with the Pleistocene conti- 
nental ice-sheets, we may hofx* to attain a much clearer conception of 
the history of ihi* (ilacial iw.'rimi and the origin of its widely diverse and 
complex drift formations. 

A map of th<' Malaspina glacier and St. Klias mountains shows Prof. 
Hussell's routes in 1890 and 1891, In the second ex{KMlition he ascended 
to a bight of 14,5()0 feet on the northeastern slojx* of St. Klias, and ex- 
plored the wesl(;rn central portion and forest-covered front of the gla- 
cier, taking very interesting notes of the streams outflowing from it, 
named the Yahtse river, Yahna, Fountain, Manby, ()sar, Kame, Kwik, 
and Esker streams. The glacier or ice-sheet covers an area of about 
1,500 square miles, having an extent of s(»me 70 miles from east to west 
along the coast, with a breadth of 20 to 25 miles, and a general eleva- 
tion of about l.oOO fret five or six miles from its outer border. At lev 
cap** itstfuyot lobe ))ushes boldly forward into the ocean, and, with its 
front constantly breaking otf l«> form icebergs, terminates in magnifi- 
cent ice cliffs estima!«*d to b«* at least 300 or 400 feet high. 

S<MMi from a distanc*' of s«'v«»ral mih'S. the cliffs of Icy cape appear**d 
to contain no drift, though tlie surfac*' of th<» ice th»'re, as all along its 
borders adjoining tho sea, is drift-covennl. The surface of the central 
parts of th<' ic»'-slnM't, how«'V»*r. is fn'e from drift, excepting along mo- 
rainic lint^s streaming downward from spurs and f«M)t-hillsof the m<)un- 
tains. Near its border Ihr ablation of its surface seems to uncover 
much drift which had b»M«n borri«' alimg in the middle and basal por- 
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lions of tho ice-sheet. Therefore it may be found by closer inspection 
[)f Icy cape that much englacial drift, althouiyrh too small in relative 
imount to be observable from the east side of the Yahtse river, occurs 
within the ice-cliffs, such as has become exfK>sed on the surface by pro- 
gressing ablation. In the vicinity of the Yahtse and of ley cape, how- 
ever, the superficial moraines of the Chaix hills are mingled with the 
ess plentiful englacial drift, which latter seems to be the chief source 
>f supply at the Sitkagi bluffs and thence eastward twenty-five miles 
U)the Kame stream. 

Professor^ Russell and his parties in both expeditions braved many 
langersand well performed their tasks of geographic and geologic ex- 
ploration. The narrative and the discussion of scientific results are 
present<»d in a most modest and entertaining manner. They mark a 
stage of gniat progress in our knowledge of the conditions of the Ice 
*ge. w. iJ. 

On Certain Astronomiertl CondUionn fucorabk to GUiHtttion. By Geo. F. 
Becker. Am. Jour, of Science, 111, vol. xlviii, pp. 9.V113, Aug. 181M. 
From a mathematical investigation of the effects of the unequal 
amounts of solar heat received by different fK)rlions of the earth's sur- 
face under varying astronomical conditions, the author sums up his 
rt»sults\ differing widely from the well known views of the late Dr.Croll, 
as follows: "I began this enquiry without the remotest idea as to what 
conclusion would be reached. At the end of it I feel compelled to as- 
sort that the combination of low eccentricity and high obliquity will 
promote the accumulation of glacial ice in high latitudes more 
than any other set of circumstances pertaining to the earth's orbit. It 
seems to me that the glacial age may be due to these conditions in com- 
bination with a favorable disposition of land and water. This theory 
implies, or rather does not exclude, simultaneous glaciation in both 
hemispheres. It does not imply that the ice age should last only ten or 
twelve thousand years. If the conditions here suggested are correct, 
variations in the disposition of land and water may have determined 
intervals of glaciation, not necessarily the same ones in New England 
and the basin of the Mississippi; and there may have been considerable 
time differences in the inception or the cessation of glaciation in various 
region.s. It is not needful to assume that the glaciation of the Sierra 
Nevada either began or ended synchronously with the ice age in New 
England. The date at which a minimum of eccentricity last coincided 
with a maximum of obliquity can almost certainly be determined. 
.Vccording to Stockwell, the obliquity has been diminishing for the past 
8, (KX) years, and was within 21 minutes of its maximum value at the 
beginning of that time. According to Leverrier, the eccentricity passed 
through a minimum 40, (KK) years ago, the value being then about two- 
thirds of the present one. So far as 1 know, the obliquity has not been 
computed beyond 8,000. This can of course be done for Stockwell's 
value of the masses of the j>lanets, or for newer or better ones. All the 
indications seem to be that within thirtv or fortv thousand vears con- 
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ditions have occurred, and have persisled for a considerable number of 
thousand years, which would favor ^lactation on the lh<M>ry of this 
pajjer." i)r. Becker's conclusion is thus closely harmonious with the 
present reviewer's estimates, as iK»led in the last May Amkrican Oeol- 
OOTsT(page 3(i4): and it ap[N>ars that he regards the causi^s of ice accu- 
mulation to consist more in geographic changes, as land elevation, than 
in the varying astronomic conditions. w. r. 



CORRESPONDENCE. 



A Rkply TO ••Causes and Conditions of (iLAriATiON."* "The oc- 
currence of late Carboniferous and Permian glaciation is 

inconsistent with Falsan'sf and Manst)irs views, which have noplace foi 
general glacial ion before the Pleistocene fK*riod."t 

It is true that, in the interpn>talions rendered in Gt^Utgirnl and Soiar 
C/i»w/^/», there is n(» place for general glaciation before the Pleistocene 
perio<l: nor has it been proved that such general glaciation hasoccurred. 
Widely distributed glaciations during Paleozoic time have been shown, 
but the evidence adduce<i is such as to warrant the conclusion that such 
glaciations were local and not general. 

According to the princifiles and views set forth in the writer's work, 
local glaciation could have occurred at any time during the Paleozoic 
era, provided the conditions were favorable. That local favorable con- 
ditions could have e.xisted. is in no wav inconsistent with the views 
therein a<lvanced. Indeed, such local glaciation is corroborative of one 
of tlu' prime ideas of the argument, which Is, that prior to the Quater- 
nary era surface lemjH^ratures w«'r«* inde])endent of latitude, which in- 
deiMMulence is distinctly proved by the wide range of Paleozoic glacia- 
tions. Had the «*arly local glaciations been de])endent \\\H)t\ solar heat, 
they would have been governed by th«' same laws of distribution as tht* 
glaciations of to-day: and had any general "peritMl" of glaciation 
occurred, it would hav«« been accompanie<l by arctic tyi)es of fossil life, 
such as accompanied the general Quaternary glaciation. the distinguish- 
ing test between local and general glaciation being fossil marine life of 
a cold temiierate or arctic character. All the t^vidences of early glacia- 
tion yet discov«»red are mechanical, i. e., boulder transfK)rtation. stria*, 
etc.: and th*'y occur in such varying latitudes as to distinctly prt)ve that 
the climates were absolutely indeixMident of latitude. Therefore the 
Permian and Carboniferous glaciations c(»rroborale the view set forth 
in (hiiUnjii'dl and Solar ('UimttvM, that prior to the Quaternary era surface 
temperatures were ind«*i>endent of latitude, b<Mng controlled by local 
conditions of ♦•ievation and conductivitv of the crust. 

a. 

Again, on page 17. then* occurs this objection: "Another obstacle 

♦AmERK AN (iKOI.O(;iST. July, |Sg4, pp. I2-20. 

tit is unnecessary to call attention to the ditterence between the views of Falsan and 
those of the author. 

$Loc. cit.. pp. lb, 17. 
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to Manson's hypothesis* of a continuous chnid envelope till after the 
Quaternary ^laciation, consists in the extensive detK>sits (»f rock salt 
and gypsum found in strata as old as the Silurian and Cambrian, Mince 
thenf bedM eouUl only be formed by eraporatitm of lar/tHtnn hJihI off from the 
iten, or of Hdline Utken, under a drying almvHphere." (Italicised by the 
present writer.) 

The physics and chemistry of this objection are defective. Even 
ujKin the assumpti(»n that the vast beds of jrypsum. rock salt, or other 
minerals dejwsited from aqueous soluti(Mi, were solely the result of evap- 
oration, it does not follow that such deposition was the result of an ab- 
solute, nor even partial, desiccation of the basin containing the solution. 
The deijositiiui of soluble salts goes on fr(»m saturated solutions under 
any evaiK)ration at all, and if the water flowing into the basin had been 
already saturated at a higher temjwrature. the de])osition of the salt 
would goon even with increasing depth of water in the basin, by the 
C(K)ling effect of evai)oration. 

It is at least possible that vast beds of gypsum were precipitated by 
the commingling of solutions of a more highly soluble salt of lime with 
A solution of sulphuric acid or of an alkaline sulphate: in which case 
the precipitation of gypsum would go on indeixMident of evai.M)ration, 
and drainage entering the body of water from different areas might 
have supplied the .solution necessary to continue the precipitation for 
some time. In the same way other salts could be formed to such an e,\- 
lent as to be pre.sent in greater quantities than would saturate the .S(»lu- 
tion. and hence they would be precipitated or crystallized (»ut. 

The precipitation of sulphate of lime would go on in the Pacific 
ocean to-day, jjrovided there were discharged into its waters any soluble 
salt of lime and an alkaline sulphate sufficient to charge its waters with 
more than about 1-400 of sulphate of lime. 

Many of the compounds of sulphur and chlorine with the non-metal- 
lic elements are volatile, and they may have been, and doubtless were, 
jiresent in the atmosphere during earlier ages to a greaterextent than at 
present. In that case, such compounds would be washed out of the 
atmosphere b\' rams, and coming in contact with .solutions <»f the alka- 
line earths and alkalies would form and precipitate or crystallize out 
the more stable salts now in existence. The formation of sulphate of 
lime, common salt, etc., would then proceed from abundant rains rather 
than from a iM'ri<Ml of dryness and excessive evaporation; the less soluble 
salts would be preciiMtated as formed, and the more solubh* ones would 
crystallize out from saturated solutions. It therefore does not follow 
that "these beds could only be formed by evaiK)rati(»nof lag(N)ns shut (»tf 
from the sea, or (»f saline lakes, under a drying atmosphere." 

Another argument, used more to show that the Ice age was caused by 
the upheaval of temperate lan<I areas than as an objection t(» the criti- 



♦The writer disclaims any attempt to advance an h>-potliesis or assumption of any 
kind, but simply endeavors to make an interpretation oi natural facts upon the basis of 
known and admitted laws. He does not even assume that the cloud envelope was re- 
moved, but that its removal was geologically and physically recorded. Geol. aud Solar 
Climates, pp. y^ and 49. 
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ci/ed int«*rpivtHtH>iis. is that tht* suhmtrirHi chann«*lsoir the mouths of 
certain rivers aiv ••violence that such submerged channels are the re- 
sults of ervjsion. and th** re fore that they marked periods of upheaval 
and depr>*ssion of adjac*'nt lands. Whilst this may be true in some 
instances, it by no means f«»llowsfor all. nf>r for the dee|)er of these sub- 
merired channels.* <*hannel-buildinir by bank elevation g«jes on as wt^U 
under water as und**r air.-f The sediments which these rivers ha vt* 
borne to the ocean durin:; th»*ir entire existence (and fmrticularly durinn? 
the "Diluvial" and "Terrace" ^iiochs) must have been dejiosited mure 
u|ion the Hanks of the outHitwini; fr»^h water than in the direct lines of 
swiftest flow. If any one will take the iiains to i>lat t4» natural scale the 
sections of many of thes**d**ep|y submerged channels, he will f)nd that 
the slo|»es of the banks are not u|Min lines of erosion, but that they cor- 
res|M>ml mor>' nearly to lines of seilimentat ion. liesides. before a snb- 
merireil channel shall b«* d«'ci<ied to be one of erosion, not only should 
the form of the channel corr**s|>ond t4» pn>|)er lines, but the material of 
its banks should l)e <letermineil. and the enNhnl materials should be ac- 
counted for either in the i*\-t»*nsion of the bank lines or in the construc- 
tion of H bar Ht the nnMled mouth. Ther»*ft>r»». the existence of a sub- 
merjre<l channel is not ulwu\s a pn>i»er and conclusive proof that the 
channel was form«Hl byen»sion and hence is evidence of .jrreat upheaval 
an<l depression «»f a<ljacf nt lands. \I.\rsdf:n Manson. 

S^iii Fniuriiwu, (tif., Jiiljf j^th, JSI*4. 

L.\KK C.wioA A Ro<'K Hasix. Reply in*^ to Dr. Sjj^Micer's comments 
on my i>ai)er which states the evid»*nc«* at hand iMuntin^ towartl the 
conclusion that lake ('aynsrH is a n»ck basin. I wouhl say that my fail- 
urn to include the continental tilting; of the land was due to the fact 
that it would not esseiiiiallv miniifv the arirument. and that I have not 
considered the conclusions r«*acht'd as <leflnite enoujrh to b«» accepted. 
S»me tilling: has iak»*n place, but much n«»eds to be done b»»fore we can 
<letermin»' its amount in central New York. The |>roblem is complex 
and re<iuir<'s a knowled«fe of the pretrlacial and the glacial attitude of 
tilt* land, as well as tlu* {M»sii;lacial chancres. 

1 do not deny that rock t^xists at a considerable depth near the outlet 
of lake Cayujra: in<letHl, 1 shouhl b<» surpris^nl if this wer«» not the case. 
I ct^nnot. however. a>rre«* with Dr. SjM'ncer that this would force me 
fn>ni tht' UM' of the t»'rm ro<*k basin to valley en>sion. Valley en>sion 
by ice m«*ans rock basin formation. The ice erodes, accordinj,: to my 
ar^um«*nt. in bnmd north and south valleys: and when one of thes«» val- 
leys turns to th»* ♦•ast or the w«*st. or when it joins an east and west main 
stri'am. ih*- mark^'d ic»' »'rosioii cases. If. for instance. C'ayujra river 
tlowrd northward and was iribularv to an east and west Canadian 
stn*anri. ihf ic»' »*n»si«ni d<'<>p<'iit'd ilu* valley «»f Cayujra but failed to 
di*»'p»-n th«' ••asi-w»'st vall»'N to a irn-at d«'irrei': so that the north and south 

♦The following artjuinent has been communicated to the editor of 'J'At Glacialisty' 
.Mii^iiztnt in a recent contribution by the writer. 

•♦■>ee Kenori of Chief of I'lnRineer^. I'. S. .\rniy, 1*^*^2. pp. 2«;?i. 2522. .Appendix MM;or- 
F.x. Dor. No. <>'. 40lh Congress. ;d Se^^sion. pp. 7. ^. 
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vallt'y b«»came byvaUey erosion a rock basin. 1 should expect, therefore, 
Ut find valley erosion north of lake Cayuga as far as the broad pregla- 
cial valley extended northward. My conception of rock basin erosion 
is this, and not local concentration of energy to scoop out a depression. 
Cornell Unuersity, Wiaca, N. Y., July 30, 1894. Ralph S. Tarr. 



PERSONAL AND SCIENTIFIC NEWS. 



The Summer meeting of the Geological Society of Amer- 
ica was held at Brooklyn, N. Y., August 14 and 16. The 
attendance numbered thirty-eight. Vice President N. S. Shaler 
presided, and on opening the session feelingly referred to the 
great loss to the Society sustained in recent death of its 
first Vice President, George H. Williams, of Baltimore, and of 
Amos Bowman, of Anacortes. The CounciJ fixed upon Balti- 
more as the place for the winter meeting, Dec. 27, 28 and 29. 
Eleven new fellows were elected. The programme showed 
twenty-six papers to be read. The following abstracts have 
been furnished for the American Geologist : 

lyte Nickd Mine at Lancaster (yap. Pa,, and the Pyrr/iotite Deposit at 
Anthony's None, on the Ilmbton, J. F. Kemp, New York city. The pai)er 
described with maps, sections, hmtern views and specimens, these two 
deposits of nickeliferoiis pyrrhotile. The former is on the contact be- 
tween a ffreat intruded lens of some original, basic, intrusive rock that 
is now altered to a mass of coarsely crystalline, j^reen hornblende (i. e., 
is an amphibolite) and its walls of mica schist and i)ej(matite. The 
latter is a lens or ikkI, of the type familiar in the iron mines of the 
highlands of N(jw York and New .lersey, and is in acidic gneiss of the 
comiK>sition of granite. The question of origin was discussed with 
esiH»cial reference to magmatic separation, and with comparisons with 
nickel <»re8 elsewhere in America and in Norwav. 

A Connection beticeen the Chemical and Optical Properties of Amphiboles. 
Alkhed C. Lane, Houghton, Mich. Mr. Lane alluded to the frequent 
occurrence of zones of different colors and optical properties in uralitic 
and other amphiboles, the bluer ones probably containing more soda, 
an<l showed a diagram which indicated that with the increase in soda 
t hi' bi refract ion on the orthopinacoid decreased, becoming for about 
\\\% of s<xla and then increasing, but with position of the greater and 
less axes reversed. He urged the ease and importance of making obser- 
vations on the orthopinacoid secti<m on all those who have to investi- 
gate amphibolites. 

On a Basic Hock deritedfrom Granite. C. H. Smyth, Jr., Clinton, N, 
Y. The paper described a dark colon*d, massive rock associated with 
the hematite of the Old Sterling mine in Jefferson county, N. Y. The 
n>ck has always been called seriientine, but its origin has been uncer- 
tain. Examination in the field and with the microscojK' shows it to be 
derived from granite, but greatly altered from its original condition. 
The character of the changes which the rock has undergone was briefly 
outlined: and It was suggested that the alteratiim is due to crushing of 
the rock by regional disturbances, together with the infiltration of solu- 
tions derived from decomixised pyrites. 
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The prort!tm of Segreyatiun at* illuxtratfd in the \eie Jeritey Highland, 
Kalpii S, Taku, IthacH, N. Y. Tin* various theories offered to account 
for the New Jersey iron ores wen» stated and objections jxiiuted out. 
The process t)f segregation was then discussed and the bandin^r of somt* 
of the New Jersey jrneissfs and limestones describt»d. x\n instance of 
segregation was jriven. where blue dolomilic limestone has been altered 
to calcite with bands or imvmrities, sometimes crystallized, though orig- 
inally diswminated in minute grains through the dolomite. This pro- 
cess was studied in the slide and tht* resulting banding was in ail rt^spects. 
except in size, likethe coarse ban<ling of the white limestone. Th** 
|)ossibl(' aitplication of this to gneissic banding w^as then pointed out. 

AluHogen and Bauxite of Xeir Mexico, inth noten on tht gettlogy of the Up- 
per (rila rtgiitn. W'yi. P. Hlake. New Haven, Conn. The deposits of 
alunogen and bauxite are found in the upp<»r Gila river region, about 
forty miles from Hanover. At Hanover the rock formations are Paleo- 
zoic metamorphic Iimesiont»s and syenites of greater age, characterized 
by large <leiK)sits of iron and zinc on»s. Further north the country i.s 
covered with a thick dejxjsit of volcanic sediments and lavas, filling the 
ancient valleys. The alunogen occurs in these formations and exudes 
from th«' cliffs in places where there has apparently been solfataric ac- 
tion by which the rocks have been altered and left without much silica. 
This may have l>een removed by hot water and steam, but iron pyrites 
app«*ars to have been an imix>rtant factor in the changes and in thepn)- 
duction of the alunogen. which is remarkably pure and free from iron. 
Bauxite is the result of the alteration of the volcanic rock in place and 
is, like the French bauxite, a residual product and not dejxisited from 
solutions. 

A Mtudgof the chert)* of Mvwturi. My EoMiND Oris Hovkv, New York 
city. The paixT gave the results of work on some thirty-eight speci- 
mens of chert from various h>calities in the Lower Magnesian and 
I^»wer Carboniferous strata of the state. The cherts from the former 
.series an' non-fossiliferous. while thos«* from the latter are usually 
crowded with the remains of crinoids and other calcareous organisms. 
The cherts vary very much in color, texture and state of preservation. 
A iK'trographic discussion occupied a large part of the article. It was 
shown that the cherts were com|M)sed es.sentially of chalcedony, though 
quartz and opal are present in some sfx^cimens, the latter to a very lim- 
ited extent in this series. The chalcedonv is usuallv in the form of a 
granular mosaic (in [polarized light), but some of the material is aggre- 
gated into c(»ncentric spherules showing characteristic negative double 
refraction. Careful search for s)M>nge spicules was made, but nothing 
whatever of the kind was found, with one extremely doubtful exception. 
Five regular siliceous oOlites were noted from the Lower Magnesian. A 
table of eighteen chemical analyses accompanied the paper, in which it 
was brought out that in cherts not bearing calcareous ft>s.sils 

The Si Oj is usually > IW.OOjf 

A! 2 Oo -f- Fe2 03 is usuallv < LOC^ 

Ca + Mg is usually. . . .' < .25$: 

H 2 O Hgn) is usually < .lTy% 

Determinations on four of tlie samples showed only comparatively 
small |M»rcentages of Si 02 soluble in caustic iMitash. This fact, to- 
gether with the small amount (»f water present and the microscopic 
characters, shows that very little opal or amorphtuis silica t»ccurs in 
these cherts. The author gave a brief resume of the theories which 
have been proiM>nnded to explain the origin of Hint, hornstoneand chert, 
and gave it as his opinion that the Missouri cherts which he studie*] 
were due to chemical precipitation from the ocean at the time of the 
de|H>sition of the strata in which they occur. 
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PUityrnemie Man in Neio York, Will H. Shkrzer, Ypsilunti, Mich. 
All account of th<* discovery in July, 18)KS. at Canandaigua lake of a well 
preserved skeleton of this ancient and interesting tyiM^of man; showinAT 
lM*sides the cranial development of low order, the compression of the 
femur, the flattening of the tibia and the i)erforation of the humerus. 
An explanati<m was attempted of the presence of these simian charac- 
ters in early man and their occasional occurrence, especially in negnM»s, 
at the present day. 

DutUtratton^i in certain portutHH of th^ AiUintir. (.\Ht4tfal PUnn strata and 
their probable eaunej*. Hy Arthur Hollick, Staten Island, N. Y. Indi- 
catitms of faulting, folding, and other forms of dislocation have been 
mentione<l by several observers in the coa.stal plain region of the south- 
ern stAt4?s, notably by McGee and Dall. In general, however, the obser- 
vations point Ui a system of folding or dislocation in a north an<l south 
direction, as previous ex t)erience in mountain-making principle's would 
cause us to ex|x?ct for the region. 

Further north, extending from Nantucket and Martha's Vineyard 
through Hl(3ck island, (irardiner*s island, I^)ng Island, Staten island and 
northern New Jerse}', there is another line or an*aof disturbance having 
a general east and west direction. It is with this that we have now to 
deal. — The facts in connection with it are so ditferent from those with 
which we are familiar elsewhere in America, that but for the circum- 
stance of one [M)rtion having been utilized by N. S. Shaler as an exam- 
ple of mountain-making forces, it wtmld not have received considera- 
tion by me in such connection. In his report on thegeoh)gy of Martha's 
Vineyard, Prof. Shaler argues for the hypothesis of mountain-making 
forces in order to account for the dislocations of the OetactHius and 
Tertiary strata there, and the same views were reiterated in pajM^rs read 
before the Geological Society. Observations made on Long Island an<i 
Staten Island forced me to the conclusion that similar dislocations on 
these islands were to be accounted fi)r on the liy|)othesis of ice action 
above, and 1 subsequently cam«* totho same conclusion for the Martha's 
Vineyard dislocations, thus following the opinions of l)oth M»*rrill and 
Vpham. 

Further investigations on lA)ng Island and northern New Jers«'y huv«» 
greatly strengthened the views prt»viously expressed and we are now in 
a {position to .state, as beyon<l (piestion, that the line of disturbance is 
coincident with the line of the moraine from Nantuck<*t to north«'rn 
New Jersey: that the phenomena of dislocation an* only to be found 
where the moraine crossed some |M)rtion of the former coastal plain: and 
that these phenomena ceas«* abruptly where the moraine Ix'nds away 
from or finally leaves th«' plain. 

The phenomena are identical thn>ughout, and any theory advanced 
to account for them in one fN)rtion of the area must also account for 
1 hem in every other ]K)rtion. One series of cause and effect has been 
instrumental thmughout, and it merely becomes afpiestion as to whicli 
s«'ries — ice action or mountain-making forces — is th«' most firobable. 

The general ty|M* of a section through any part of the region, in a 
north and south direction, shows a core of contorted Oeiaceous and 
I M»st -Cretaceous sands, gravels and clays. Hanked on the north and 
<rapi)ed on the top by boulder till, which gradually merges into water- 
assorted material on the southern flanks and plains beyond. 

The (Jay Head escarpment is the most extensive s<>ction which isany- 
where exfjosed, but a similar structure is seen to exist wherever there is 
an exiK>sed .s<»ction through the moraine on I^ong Island, and if we could 
imagine that island separated into |>arts by means of convenient north 
and south erosion channels tiav Head would be reprmluced indeflnitelv. 
On Staten Island the moraine cn)sses a )K)rtion of the coa.stal plain near 
the Narrows, then bends northward and rests on the Archjean axis and 
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HA^ain renters u|M)n th<* pUin a few milps furl her Wfst. In that part near 
the Narniws uinmi which the moraine rests the underlying strata an* 
folded and tilted exactly as they are on I^onj? Island and Martha\s Vine- 
yard. Up to this iwint the evidences of disturbance are continuous. 
As s<K>n. however, as the line of the moraine leaves the plain and bends 
around over the Archiean axis the indications of disturbance cease ab- 
solutely and they are not again met with until the moraine once moiv 
enters uix>n the plain. 

The dip and sirike of the disturbed strata are jrenerally too erratic to 
b«' of any straliirraphic value. The prevailing .strike, however, follows 
the general trend of the moraine and the strata are either bent into over- 
thrust folds, tilled with the dip towards the north, or folded into north 
and south anticlines. East and west dips are al.so to be S(»en. especially 
on the sides of the inlets and harbors (»f the north shore of Ix)ng Island 
and on (lardiner's Island. These an* pn>bably due to the lateral thrust 
of tongues of ice in advance of the main mass. 

The effects pnMluced by the advancing ice fn)nt have been wonder- 
fully paralleled by a s<'ries of exjx'riments on the compression of plastic 
strata recently made by l^iley Willis, the results(»f which are published 
in the VM\\ Ann. Kept. V. S. (ieol. Survey. 

One of the objections to the theory of mountain-making, which a|H 
|M»ars to be the m«>st serious, is that if the disturbance was preglacial it 
must have taken place subsequent to the time when the Lafayette or 
even later formations had been laid down, as we find these gravels in- 
cluded in the distorted strata. This would leave but a very short jx*- 
riod of time in which to develop the lineof hills ufK>n which the moraine 
rests, and would imply a sudden disturbance rather than a gradual 
mountain-making proce.ss, and the facts at our command do not warrant 
the assumption that such conditions prevailed. 

Again, any such development of force would inevitably result in the 
disturbance of strata below as well as ujjon the surface, and this we do 
not find to be the case. At Cold Spring the sui>erficial strata art* beau- 
tifully crumpled and fold(>d. but where the lower strata are expostnl 
these are undisturbed. Finally, in this thetiry we should have to dis- 
miss as unworthy of serious thought the coincidence of the disturbed 
strata with the line of the moraine and their abs^Mice elsewhere, and to 
regard this as a coincith'nce only. [The pa|H*r was illustrated by charts 
and sketches.] 

Faults of (he rcyitm fnftirrtu the }fohairlc rirer uml the Adirondurk movn- 
titifiH. N. H. Daktox. Washington, I). C\ An account of structural re- 
lati<)ns and general stratigraphy (»f the liower Paleozoics in the region 
extending from the Mohawk valley t(» the southern edge of the Adiron- 
dacks and eastward to lake (leorge. The series of faults an* the most 
salient features and their relati(»ns. distribution and extvnt were des- 
cribed. 

Ueririr of mir KinnHriJfft of the (jrohnjy of the Californui Ctntttt Jianf/eM. 
By H. W. Faikk.vsks. Herkeley, California. The Coast ranges wen' 
detined geographically and pronounced a mountain system separate fn>m 
the Klamath mountains and the Sierra Nevada. They are shown to Ix* 
not a new range, but rather an old one, with an axis along which dislo- 
cation has taken place repeatedly from pre-Cretaceous limes until |>ost- 
Tertiary. Their stratigraphy was discussed in detail, and they were 
shown to be niaile up of (1) a metamorphic pre-Cretaceous core, rang- 
irjg in age probably from Carbon i fibrous to late .Jurassic: and (2) a later 
non-metam()ri>hi(* series. comiKised of Cretaceous, Tertiary and ik)sI- 
TiTliary rocks. The lithology and structure of the Coast ranges were 
compared to those of the Sierra Nevada. 
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TtrtUiry and early Quaternary HaHelereling in Mint)e4tota, Manitoba, and 
North irentitard, Warrkn Upham, Somt^rville, Mass. Tlie great north- 
western plains have an approximat«*ly flat surface which has been h)w- 
ored by Tertiary baselevelinif 5(X) to 3,000 feet beh)w the original surface 
of the Laramie and Montana strata as they were at the end of the Cre- 
taceous period. Measures of this general erosion are supplied by the 
Coteau des Prairies, the Turtle mountain, and numerous other is<>lated 
hill and mountain areas upon the country reaching thence west to the 
Rocky mountains. 

Near the end of the Tertiary era and in the early Quaternary, the 
eastern part of this vast baseleveled expanse was deeply eroded and 
newly baseleveled, the resulting lower plain being the flat area of the 
Red river vallev, avcraging50 miles in width, and of the wider Manitoba 
lake region. T^he depth of this later immediately preglacial erosion was 
HOG to 1,000 feet, as shown by the Pembina mountain and the Manitoba 
escarpment, which extends thence northward along the west side of th«' 
great lakes of Manitoba to the Saskatchewan river. The chief toix)- 
graphic features of Minnesota and Manitoba have be»'n produced by 
these cycles of baseleveling, especially by the latter which was due to a 
great uplift of the region terminating in the (tlacial periml. 

Departure of t/ie Ice-sheet from the /jiurentian Lakex. Wauren Vv- 
HAM, Somerville, Mass. Beachc^s and deltas observ<'d in the vicinity of 
Duluth are referred to (1) the Western Sui)erfor glacial lake, outflowing 
southwestward across the divide between the Bois Brul6 and St. Croix 
rivers in northwestern Wisconsin; (2) the glacial lake Warren, outflow- 
ing southward by Chicago to the IVs Plaines, Illinois, and Mississippi 
rivers; and (3) the glacial lake Algonquin, outflowing by the St. Clair 
and Detroit rivers, and along the bed of lake Erie, to the incipient Ni- 
agara river and glacial lake IriKiuois. The extent of high stages of lake 
AVarren, shown by beaches around lake Sui)erior and eastward to lake 
Nipissing and to the east end of lake Erie, traced and mapped by Tay- 
lor. Gilbert, Sp<*ncer and others, implies that the ice-sheet had retreated 
from the north^'rn border of the United States as far eastward as io 
the angle of the drift boundary near Salamanca in southwestern New 
York, while yet the great lobe of this ice-sheet east of Salamanca re- 
mained U|)on New York, northeastern Pennsylvania, northern New 
Jersey, and New England. This unexpected view of the order of reces- 
sion of the ice-sheet is found explainable by the met(*orologic conditions 
of abundant snowfall at the east brought by storms saturated from the 
melting ice surface at the west. The paiR»r al.so traced the history of 
the Niagara river, which is thought to atiord a measure of the Postgla- 
cial |)eritHl as about 7,000 years, and called attention to the expansion of 
lake I rcKjuois northward and northeastward until its waning ice-barrier 
was finally melted away from the St. Lawrence valley near Quebec, th«*n 
admitting the sea to the St. Lawrence. Champlain. and Ottawa valleys. 

The Eitetmon of Unifonnitarianinw to D.formitinn. By W .1 McCiKK, 
\Vashington, I). C. Many shores, like that of Holland, are subsiding at 
H consi<lerable rate; yet no hori/.<»ntal movement accompanies the sub- 
sidence. Many coa.sts, like that <»f Scandinavia, are skirted byelevate<i 
beaches indicating recent emergence: yet there is nothing to indicate 
and everything to disprove coincident lateral movement. Many dis- 
tricts, like that of the Laurentian lakes, are trav«»rsed by ancient 
.strands, proving not only vertical movement but decided warping in the 
#»arth*s cru.st; yet no record of accompanying horizontal movement 
is found. The coastal zones of the continents are made up of .series of 
formations and unconformities recording wide vertical oscillation of the 
land with resj^ect to the sea: yet little evidence of horizontal movement 
has lH*en detected. About one-fourth of the land of the earth is moun- 
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tainotis and ih«* nicks art- fl»'ff»rm»Ml ih»*ivin — this is xXw alx^rreni fr»c- 
tioii of the »*arthcru>t: ab<»iit thrtM-fmirths <»f th** laml ai^a is non-mouD- 
tainoiis. thf n>cks iHit dt'furmtMl — this is ili*f normalfiurtionof tht^pirth- 
rriist: and thruughniit th** normal continents, as thn»ii»rhout the coastal 
%un**s. then* is a succession of formations and u neon form it ins recordinp 
|)n>found vertical 4»scillati«»n. with no concurrent horiidHital movemeot 
save that of extension in n«irmal faultinir. Si. excindinir the mountain 
n*^ions in which the nK'ks are crumph*d. it may be aflirmed that thf 
pn*vailin^ movements of the farthcrust are essentially radia), only 
subonlinately tangential. In the betrinnini; of ynnilo^y attention was 
confined to the ran* and the remote amonjr phenomena, to the analogic 
<»nly in reasonintr: in that branch of ifeoii>^y dealin*; with particle 
movement attention has Ion? been :;iven to the ci»mmon and the near 
and the reasoning; has risen to the plane of homoli>^ixiniyr pnicesses. and 
uniformitarianism has resulted: but in the >feoIi»iry of corpi>real earth 
movement inference is still based on the abm»rmal. n^asctninsr is still an- 
alogic: an<l thus tht* curn*nt philoso[ihy remains on the bortlerland of 
science. A stn)n>r plea was made f<»r study of the known vertical move- 
ments of the earthcrust and for n*as4>nin}r fn>m the known to the un- 
known bydin*ct homoltiiry. 

Tn'iiM it/tff Juni of Shajtta ftninty, (^utifttrnui. \\\ James Pekrin Smith. 
Sianfoni I'niversitN. (.'alifornia. The columnar s«*ction of the metamor- 
phic series of the Klamath mountains wtis <riven. this is made upof strata 
fn>m IK'Vonian to Jurassic ajje. The presence of Middle Trias was shown 
bv ffissils. This is overlain conformablv bv slat«'S and limi^stiines with 
a rich fauna of l'p|»»T Triassic ajre. din*<*lly comi»arable to that of the 
zone of TntptttH HuhhuHatutt and lynfhyrrrmt aou of the Karnic in the 
Tynileaii Al)is. This fauna is shown, by its affinities to Himalayan and 
Alpine s|)«*cies. to beloni: to a pmloniration of the Medit«*rranean and 
Indian Triassic provinces, and not to the A re tic- Pacific pmvince. The 
occurrence of Jurassic fossils was mentioned and new l(K*alities jriven. 
The widespread Jura-<'n*taceous unconformity in the Coast Ranp*. the 
Klamath mountains. an<I tin* Sierra Nevada, was considen'd a pnxif that 
thes«* three raujTes iR'lon? to one jrpi^jtt mountain system in which the 
disturbances werecloselv associated. 

lifMtifratiou of the AittiUennrtrntinrnt, By J. W. Spenckk. Then* has been 
a jreneral impn*ssion that the Antilles wen* at some time connected with 
<ine or both of the American continents, which extension some thoujrht 
ctmld not have obtained. This is the first study in which definite evi- 
d»*nce of such connection has b«*en proved, and also the date <»f the con- 
nections. The investiiration is the out^niwth of encpiiry into the 
chanjres of level which the continent has undergone, but now ^rn»atly 
advanced, both in detail*'d pnNifs and in the philosophical inductions. 
The jr#»<imorphy of lan<l valleys, Ixiih of mountain regions and across 
plains, is investiptted with the conclusion that all the valleys with 
^rradual des<'ent an<i enlarjrement an* the pnnlucts of atmcispheric en»- 
sion. where the same an* kept iifM*n by drains. The land surfaces are 
deformed by terrestrial un<lulations of unequal di'srree. but not such as 
to obliterate the drainatre f«*atures: yet ihesi* eiH*in)jrenic movements 
mav pnKluce transverse barriers which turn the vallevs into lake or s«'a 
basins, or which may he further deformed by on>irenic movements. The 
submarine shelves boundinir the continent and jxirtionsof the West lii- 
<lian shores were described, as also the fjords which traverse tht»m for 
hundreds of miles in lenjrth. with depths of more than two miles, con- 
tinuing: to the marsrin of the continental plateaus and ficHirs of the An- 
tillean seas. These fjunls all c<iiinert with mcKlern or buried land val- 
leys, which are now silted up to from 2<H) to more than 1K)0 feet. The 
structures of tluMlrowne<l vallevs and those of the land vallevs an* in 
every res|x*cl identical, anil the conclusion is that the continent was as 
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much hijrher than now as is tht; moasure of the g:r(»aU»st depths of the 
submerjfed cafions, less some considerable correction for exaggerated 
coastal deformation, the maximum amount of which in many cas<'s can 
bt» determined. Accordingly the southern states and the West India 
islands formerly stiKxl from 8,000 to 12,000 feet higher than now, with 
the t1<K)r of the gulf of Mexico and the Caribbean sea low plains extend- 
ing and draining to the Pacific ocean. The first Antillean continent, 
deeply scuipturt*d by erosion, existed in the earlier and middle Pliocene 
|K»riod, followed by a subsidence, so that th<» West Indies were reduced 
to a few small islets, and the sea encroached ufKin the continent to the 
extent of 250,000 S({uare miles. Again, there was another continental 
bridge betweu the two Am«jri<ras during the first half of th<» Pleist(xrene 
I)eritKl, after which time the continent was lost, and marine Pleistocene 
formations wen* accumulated, followed by terrace efxichs ami several 
minor oscillations. The Pacific ocean was cut off from the Mediterra- 
nean waters for the last time in the Pleistocene ix»riod, when the Atlan- 
tic currents were admitted. 

The physical phenomena st»t forth in this long pai)er were supported 
by the biological, both of land and of water, and again they react so as 
t4) explain the distribution and extinction of life. The geological bear- 
ings of this pat)er are far reaching. Not only do they show the mobility 
of the earth's crust so that tpiiet but enormous changes of level, ranging 
vertically through two miles and a half both ways, have taken place in 
recent times, but they may lead to the discovery of a real Atlantis. In 
the north they will have a bearing upon the glacial features, and involve 
fundamental conditions not yet considereil. So, t<M), in the distribution 
of animals, we should find much light from the extension of the studies 
already begun in this pa|>er. 

Other papers presented before the 8oci ety at this meeting, 
several of them being read by title in the absence of the 
authors, are as follows: 

The ilrumtinoid hillx near Cayuga, X. Y. K.xlimi S. T-\kii. A descrip- 
tion of some of the parallel drift hills south «)f lake Ontario, with some 
inferences concerning their origin. The evidence points toward origin 
by a process of glacial erosion acting U|K)n a prei^visting sheet of till. 

DrumUiiH in the ririniiff of Genera, X. Y. 1). F. Lincoln. 

ChanneU on drnmUnH^ raimed hy eroautn of ffUieinl Hlreanm. <iKOK(iK H. 
Harton. (This pap«»r, presented last winter before the Society by tithr 
only on account of lack of time at the last session, was read at this 
meeting. An ab.stract «)f it apfM'ared in the Am. (iEolooist for last 
March.) 

Cenozoie hifttory of a poffion of the middle Aflantir nlope. N. H. I>.\UT()N. 
Une of the aneroid, barometer in fie4tbujieal nnrreyimj. (.'h.\ulks W. K()LFK. 
(HI and (ian in Kanno^. Kkasmis Hawoktu. 
Krideneen an to the rhanye of nea-lerrL N. S. Siialkii. 
The tjeohgieat hiMtory of JfiMMouri. Ahtihk Wi.nsi.ow. 

77ie Magneniitn Meriea tf the yorthtrtMtern StattM. i\ W. Ham. and F. 
W. Sakdeson. 

77//' Stratigraphy of the St. Looim and \Van*fnr format iom* in KoHtheanttrn 

Totrtl. ClIARLKS H. (ioilDO.V. 

The ]*t'rmit'(%irttoniferoiiM and Permian roeln of KannOM, ('nARLEs S. 
Pkosskr. 

The Trianand Jura of Shattta eaanty, California. .Iames Perrin Smith, 
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The American Association for the Advancement of ivci- 
ENCE, holding it8 meeting tinder the presidency of Dr. Daniel 
G. Brinton, in Brooklyn, N. Y., August 15th to the 22d, had an 
attendance of 477 mcMnber^ and associates: and 218 new mem- 
bers were elected. In Section E (Geology and Geography) 
the address of the vice president, Prof. Samuel Calvin, was on 
"The Niobrara (-halk," as presented in the foregoing pages. 
A list of the papers read before this section is as follows, with 
brief notes or abstracts which have been received for some of 
them. It is expected that several of the papers will be given 
in full in our future numbers. 

Water rrmurrtf* of thr United StattM. .L AV. Powell. The* iiltimuli' 
d«*v«*lopm<»nl of th«* vMst arid and siibliumid n»jfioiis in tho westtTii half 
of the Tnited Stat**K was shown ti» di>iMMid on the thoroug'h utilization of 
the water r»*soiirces for irrigation. A hirjre jmrl of the work of the 
I'nited Slates tteologicai Survey, under the author's direction, has been 
jfiven to investigations of the amount of available water supplies in these 
rej:ions. and to the extent of their 11iu*tuation. by which their value for 
ajrriculture is determined. 

The Xdtiomif Ihmunii. F. H. Nkwkll. 

(reof/nip/iieaf ttere/opment of (liiint, Korea, and Japan. (rAKDINKK <». 
Ht'RIIAUO. 

A miniature (.rtinrt rolrano. \\ .1 McCJKK. 

A Paltitzoie eruption in MiMmturi. .\nTiiiK WixsiA>w. 

Thi 7sinr niineM at Franktin Furnace and thjdennbary^ S, J. J. F. Kemp. 
The history of tin* mines was first ski'tched, with notes of their chief 
ores and minerals. The general «r<*o|oirieal questions involved in there- 
jri(»n followed, and the problems <»f the blu«* and white limestones and of 
the intruded ^rranites wrre eonsi<lfre(l. The ore Ixnlies were then de- 
scribed by means of maps and sk»'tclies. The O^densbur^ one was 
shown t<» be a steeply pitchin<r syncline: and the Franklin Furnace one. 
a low pitchiiiiT synelinc with a (M>llaps<Ml anticline on the eastern limb. 
The ore l>odies were not rejrarded as having ever t>een continuous, but 
railn'r as euch a local deposit alonjr nearly the same ^eolo;;ical horiztm. 
The unique •r»'<>lo^ie}il and niin<*ralo^ical character of the d(qN)sits was 
commented on, with ref«Tences to .somewhat similar de|»osits elsewhere. 
A list <»f the minerals of thesi* localities. si.\ty-Hve in all. was written 
on the blnckboanl: a series of s|H'cimens, illustrative (»f the pai>er. was 
exhibited: an<l hints were jriven n*jrartiin;r the pro|K>sed t»xcursion to 
these min«'s. 

yoti-M on thi Atlantic Mifn'tnt. \\. \\. 1).\ll. An examinatitui of the 
invertebrate fossils of the strata at <;ay Head, Martha's Viiieyanl. here- 
tofore rejjanh'd as Miocent*. confirms their Miocene age and aUows them 
to be referred to the rpper ChesaiM'ake formation, between the St. 
Mary's and Vorklown h<>ri/ons. A list of the sj)eci«*s was included and 
two new forms descrilwd. Another hori/oii. unconformable with both 
tin* Miocene below and the glacial drift above, afforded a few molluscan 
remains which indicate a Plioceiu- aire for this betl. 

The phospliatic rock of the Ashley river rejrion, near Charleston, .s. 
('.. is ftiund to be of up|x*r Miocene a«r<*. It has previously been called 
Kocene or Post pliocene. The phosphati/alion may have been in Plio- 
cene times or the late Miocene. This rock contains no KiK'ene tyiM*s: 
and it was shown that the Kocene aire of the associated Ashley river 
marl bed rests u|Mtn Nerv unsatisfact<>ry evidenc**. It may also prt>ve to 
be MioceU'". 
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A neir fiNutil IsiriitdA^ndron from the Lnramie tit Wali<eubery, TwA/. . and 
itn ttignififanee. Artihk HoiiMCK. This iu*\v 8|H»cies of lAritKiendron 
was found while overhauling aquaiitity of material which was s«'nt to 
the late Prt»f. J. S. Newberry by Mr. R. ('. Hills. It was nevi'r describe^l, 
but a manuscript name was attached whicli will be retained when the 
descrijition is prepared. The most striking feature is the wing-like ap- 
|>endages to the |ietiole of the I(>af. Ap[>endages of a somewhat similar 
character art* known in other genera, and we are indebted to Prof. h. 
F. Ward for having worked out their apparent significance in the case 
of PlatattUft{Proc. U.S. Nat. Museum, vol. xi, 1888, pp. :m-42). The 
evolution of the genus fAriotleiidron is also an e.vceedingly instructive 
study, which has been ably presented by Newberry (Hulletin Torr. \^^}i. 
Club, vol, XIV, 1887, pp. 1-7, with twt) plates). The new material en- 
ables us now to consider this genus in the same light as that in which 
Ptatanun was considered, namely, that these apfX'ndages may repre.sent 
basilar expansions of the leaf blade which separate and finally become 
merely stipular ap|>endages at the base of the |)etiole. (The pa|H>r was 
illustrated with drawings of fossil forms of lAriodrndron and Platan um, 
and with dried sjwcimens of L. ff/liprfera and /*. orridrntafii*,) 

The aye of the Galena liiwMtone. N. H. Winchkll. This pajHT was 
ba.sed on extended paleontological studies carried on by the Minnesota 
siirvev n'centlv. which show that the (ialena limestone is essentiallv of 
the age of the Trenton limestone, instead of Hudson River (»r Ttica. It 
was accompanied by tables showing the relative prevalence of various 
fossils in the several parts of the Lower Silurian concerned. 

77tt (-arhiaiifennntHtrata of Sh*Uita rounti/, California. .Iamks Pekkix 
Smith. The general structure of a jnirtion of the Klamath mountains 
was briefiv discus.sed and the svstems of faults and folds indicated. The 
oldest strata of the region are of Devonian age, overlain by the Baird 
.shales, which belong to the Lower Carboniferous. The latter have a 
fauna analogous to that of the Knreka district of Nevada, and thus 
have many Devonian s|M»cies commingled with the CarlM)niferous. 
Fuunally they are thought to be homotaxial with the Waverly. but 
stratigraphically they belong higher in the section. .Aliove the Haird 
shales li<* about 2,U(X) feet «)f limeston*' with a Carl>onif«*rous fauna 
j»robably equiva^'nt to the Coal M«*asures. Above the limestone are 
calcareous shales, with a fauna equivalent to that of the Robinson beds 
of ritimas county and thus probably of Permo-Carboniferous Jige. 

The later ijeolotjiral rhanf/ett in Cuba. .1. \V. SrKXCKH. (Set* the fore- 
;;oing abstract of Dr. Spencer's paper before the (teological Society.) 

Quatrrnariftime diriniltle in threv prriodi*, thr Lafaifrttr^ (Haeial. and Rt- 
rtnt. Warren Urn am. The Quaternary era is thought to hav«' In- 
cluded a long time of preglacial uplift of the areas which became ice- 
covered, as indicatt>d by the deposition antl ert)sion of the Lafayette 
formation. The Lafayette p(>riod was followed, at the time of culmi- 
nation of its continental elevation, by the Ice age or (rlacinl |N>ri(Ml. 
-whose geologically short closing staire. induced by the sinking of the 
icf-loaded lands somewhat below their pres«*nt level, has been named 
the (-hamplain e[M)ch. The ''nsuing Recent p»*ri<Kl. extending t<» the 
pre.sent day, is learned by numerous indt>p«*ndent means of estimate to 
have comprised some <$,0(K) to 1(),()(K> y«»ars: and the ratio of the dura- 
tion of the three Quaternary imtIckIs is estimate<l to be approximately 
HS lt):J{:l. giving for this entire ♦•r»i probably about 1(K).(HK) years. 

The Columbia for nui tit >n in northirestern lllinoitt. Oscak \\. Hkiisiikv. 
The Florence gravel. Valley 1(m>ss. and Cpland loess, successively de]K>s- 
ited in the valley and drainage basin of the Pecatonica river, are shown 
to be equivalent with the Columbia formation of th»' lower Mississippi 
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viilli'v. Th"' l<M'>s \vjis <|i*():isiti'(l appHriMitly loii^r iiftiT llifi^irlifBt shHft 
of i)i<* ^rlarial (irirt. hut it is IxirdtTi'd casiwanl by u IhIit drift tsheet 
witli wiiirli it sci^nis to have Immmi ('oiiit'm|H»raii**oiis. TIk* (.'oltimWa 
uihI I<N'ss (li'posits thiTffnn' ar«' tlhiiiirlit \u n'pn'siMii u siimcwhal late 
s1a;:<* of ilir <tla('ial |M>ritHl. 

Prnt/nuM ill tftt ;/tffni^i'mf Miirrt if nf thi dniit tiikrn, A. \V. HpKSCRB. 
Tin* trn'at lak«'s tributary In tin* St. LawnMin* ri\»T an* HScribiHl U\ dlf- 
ffrciiiial iiiuvcnicnts of Niilisidi'iM*** aiMl I'lfvatioti diirlni^llK' Plf^istncene 
|H»ri«Hl, wln'ri'bx" (Mirtioiis of pn'^rlacial rivi'r valleys havi» hiHMi trani- 
fiirrni'd into lakf Im'iiiis. IV<>\ ions to that iwriiNl the ii|>|kt Ohio, the 
Alh'jj:h«'ii\ . ami othi*r rivt-rsof north \v«*stfrii Pennsylvania. Ilowfd north- 
ward to wiiat is now the hi'il of hikf Kric: from tin* soiiihtTii imrlof the 
arra of lake Miclii^aii a ri\rr t1ow«Ml i*ast acntss tli«' lower iN*iiiiiHula of 
MirhiLMU to hik«* Huron: and draiiniifi' fn»ni ti)«> <i(H)r};iaii bay am 
pass<>d cast want tn hiki* Ontario. wh(»si' bed was a fmrt of tho upper 
r«)urs»' III" tin* pn'j^larial St. Lawn-ni'i*. 

Ihinition of Sniiftiiui falh, .1. \\. Si'KNcKK. I>(irin»r ibi» «'arlii*r and 
louL'er part of thr hist«ir\ of the Niairara river, it is tboii>^ht lo havp re- 
(•i'iv«Ml only th«" out Mow of thi* Krie basin, the threi* iip|H*r hik«»s mean- 
wliile ouitlowini; by th<> wax of lak<> Nipissinj; and tlie Oltawii river. 
Coniputaiioiis from tlu' elianirin^' conditions of th*> l<aureniiHii laki*8in- 
<li('ate about :t*i.<NH) yi>ars as tin* time which has iiecn i»rcu|iied in the 
erositin of tin* ;rorjr«' below tin* falls. 

Dniintiiji of f/n tiiutit hih'*M into tfit .\fi/tMiMMi/ifii rirtr hi/ tru^^ i»f f*^irag0, 
.]. \\. Sl»KN< Kit. 

(hi Mfuin/iinf ni'ifft for tnij/j*. ilnnnrn, titiii cowxfor uiiiiint/jn/irifl itnd mi- 
rnntfitju'riif lUiitiintM. \\ . t',. f.KVtSON aild I). S. .MaKTIN. 

.1 in'ihiKtorir nUr. irith t.rfnirfM from </ Miit'i'i'ff if fitnth in MoH-nte ttnd 
ihittirio riniiititH, \. y.,irhii'fiinrtnmhrt/n ti/iriiiit filkr of Onftiriif. C. 

II. .Ik.xnkh. 

H.vfiiltiii4ni of n iiiirroHr,,pt nniih if n/uminni/i for porfitbififjf^ and HMd^ 
fill in riin/tfrnrtion to niitipt it for mtirr/tinif onr thi murftn fur Uirf/f Mtll- 
iral Minrinii n>f. \Vai.I..\« K ( i. Lkvi.son. 

Hrtiihition if nnifi iiinl iihotoiji'mth of n prut hrif in Pnntjiirt Pitrk\ Iinkd> 
III II, y. v.. inmli in JSfi,. irf,in thi pint inu rtumrfd Hud thr i-xraratiam 
jillttf. W M.I.ACK <i. LkVIM»N. 

Thi iiioloijinil iithm folios i/taiiiil liij thi {' . .S. tiiohiyinU Surfry. F, H- 

Nkwki.i.. 

Thi mini I'll fn of piitiiMon. I'jipir Montr lair, itnd thi Paliittide*, N.J. 
.losKiMi II. Mint. An inifn-siinLr collection of these minerals wasex- 
hibiti'd by the lucal conimil t«'e. 

tin thi iiiji of thi St. f'liiir liniiMton* of Arhni/tiiM, S. II. WlLMAMS. 

Thi ri port on proijriMM in (iioloijif from thi f'rnti niiiitf to the f^>lHhdriA% 
i.r posit iiinit. .IkI). IIoTrMKlss. 

mi unit tins in IxohKiix. KkasMIs II A WORTH. 

Soini iilti rotion phosts in thi ifninitir rorhx of thf Xorthmnti rii Sfiltf*. C 

W. IIvi.i.. 

Sati Frjiiicisco wns clmstMi as the place of meeting of the 
Association next year, for which Pi'of. Kilwurd AV. Morley, of 
( leveland. ( )liio, was ehctecl |)!-esident. The officers of Sec- 
lion K. I lecteil for that meet i 11 j^, arc Maj. Jed. llotehkiss, of 
Staunton. Va.. vi<'e presjdfnt, and Prof. ,1. Perrin Smith, of 
Pah> Alto, ( al.. *;eeretarv. 
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NANNO, A NEW CEPHALOPODAN TYPE.* 

By J. M. Clarke. Albany. N. V. 
(Plate VI.) 

The material representing this remarkable type of eephalo- 
pod structure was collected by Mepsrs. E. O. Ulrieh, Charles 
Sehuchert, and the late W. II. Scofield from various localities 
in the Trenton series of Minnesota. The novel character of 
the fossils was recognized and closely studied by the first two 
of tliese gentlemen. When, therefore, the specimens were 
placed in my hands for description I was able to avail myself 
of these previous observations, especially those by Mr. Sehu- 
chert. 

The usual aspect assumed by these bodies is somewhat that 
of a small Belemuites. The apical and posterior portion has 
a rounded and evenly tapering surface which would give it 
the form of a true cone, were not one side, when the body is 
viewed laterally, quite oblique, while the other is nearly verti- 
cal. Thus viewed the shells are asymmetrical laterally, but 
as seen from the dorsal and vt^ntral side they are bisymmetri- 
cal. After the conical expansion has continued for about, or 
loss than, one-half the length of the body, there is a rather ab- 
rupt contraction on the oblique side and the shell becomes 

♦Published with thi* c«>iisi'nt of th«* Staf*' (Ij'oloj^ist of Miiirn'soia. 
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niiieh smaller and more eireular in cross-section. Thus toward 
the upper extremity of the shell a cylindrical tube is formed. 
Upon comparing the bodies as thus described with the single 
specimen which represents more nearly the structure of the 
entire shell, it appears that the orientation above assumed is 
not strictly correct. The normal position of the conical pos- 
terior portion is such that the straight and the oblique side 
converge at nearly the same angle to the vertical axis; this di- 
verts the cylindrical or upper portion of the body to one side. 

These peculiar bodies are si phones ;those represented on plate 
VI, figs. 2 and 8, show the(>bli(|ue impressions left b^' the septa 
upon the surface of the cylindrical portion, and fig. 1 affords a 
conception of the relation of these siphones to the septate part 
of the shell. In the latter is seen the central and symmetrical 
position of the apical cone with reference to the entire shell, 
its abrupt contraction and the deflection of the cylindrical 
part of the sipho to one side. At the point where the con- 
traction of the sipho begins, its diameter is that of the shell, 
and from the apex to this point there is no trace of septa. 
With the appearance of the septa begins the contraction of 
the sipho. That the septa did not completely encircle the 
sipho is shown by several of the specimens which present a 
smooth surface on the dorsal or outer side, the marks <»f the 
septa being there interrupted (figs. 2, 8). One of the speci- 
mens has the thin wall of the conch a<lhering U} the siphonal 
wall along this surface. 

Upon examination of the internal structure of these siphones 
they are found to be completely solitl in the apical portion for 
usually about one-half the length of the pneseptal cone, but in 
some (»xamples this solidification extends for the entire length 
of the cone and into the cylintlrical part of the tube. The 
cavity of the sipho above this filling is a narrowly' conical 
chamber whose walls gradually- become thinner from tlie apex 
upward, their upper e(ige appearing to be rounded ofl' and fin- 
ished. 

The sul)stanc<» of the siphonal cone and walls is invaria- 
bl}' very compact, radially crystalline calcite, indicating, inas- 
much as all the specimens have been found in calcareous* 
shales and clayey limestones, a simple modification of thc^ 
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original organic deposit; the internal cavity is filled with the 
mud of the sedimi^nt. Cross-sections of the cone in both direc- 
tions indicate that this is not a simple body, but is composed 
of at least two invaginated and consolidated sheaths, the lino 
between which is represented only by a faint streak or differ- 
ence in the texture. This evidence, though obscure, is indis- 
putable that the sipho enclosed or was composed of eiphonal 
sheaths, as in PUoceraH^ Vatjlnoceras and Endoceras, The 
sections afford no evidence of an endosiphon or tube connect- 
ing the apices of these sheaths. 

The addition of the septate portion of the shell gives the spe- 
cies a fusiform and symmetrical appCH ranee, broadest below 
the aperture, the sipho seeming to extend nearly, if not quite, 
the entire length of the shell. The septa are gently and reg- 
ularly concave' over most of their surface, but abruptly de- 
flected immediately about the sipho. There were apparently 
about twelve in the length of the shell as prese/'ved. The first 
septum seems not to conform U) the contracted surface of the 
cone, which has a much greater obIiquit3\ and there thus ap- 
pears to be an irregular wedge-shaped cavity between these 
two surfaces, but there is no evideiu*e whatsoever that the 
conical end of the sipho was in any way involved in this cav- 
ity except at its upper surface. 

The apical solid cone was unquestioiuibiy external, except 
so far as ensheathed by a mere coating or film of the shell- 
tube. 

All the specimens indicate that these shells were of small 
size; a nearly complete sipho has a length of 86 mm.; its 
greatest width is at 19 mm. from the apex and measures 10 
mm. in major, and 8.5 mm. in minor axis; its apertural diam- 
eters are 8 and 6 mm. Another and more splendid specimen 
measures 40 mm. in length and is broken at the aperture. 
Here the length of the apical cone is 22 mm. The most com- 
plete example has a length of 58 mm.; the apical cone meas- 
ures 15 mm.; the entire diameter of the shell is 18 mm. at its 
widest part and 16 mm. at or near the aperture. 

The shells thus described represent but one species, which it 
is proposed to term Xamio aufema. From their structure it 
is evident that their relations are closest to Piloccras, but 
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with noteworthy differences. The initial parts of the ehell of 
PHoceras are still undescribed, but we may assume that were 
it possessed of such a solid apical sipho as is yanno^ that 
would be the part most readily preserved, as in this case. 
The sheathing of the sipho, its great size and its relation to 
the septa are structural points allying these two genera. The 
presence of the apical siphonal cone may indicate the exist- 
ence of Xunvo for a considerable period in the young state 
simply as an aseptate body, and with such evidence the genus 
would seem to be a degree more elemental than our present 
knowledge ascribes to Pitoceratt, inasmuch as the septate con- 
dition in the latter genus is of earlier occurrence. It may be 
suggested that the solidifieation of the prseseptal cone is to 
some extent due to such secondary causes as have produced 
the solid guard in Beiejinu'tea. The appearance of these 
si phones and the crystalline structure of their substance 
strongly suggests that genus, even though there is little super- 
ficial similarity in the relations of these parts to the sep- 
tate portions of the shell in the two genera. 

Geological horizon. The material studied consists of seven 
specimens obtained from the Trenton shales of Minneapolis 
and from the Galena shales at Chatfield, Minnesota. 

Explanation ok Platk VI. 
y a lino anlema. 
Fi<}. 1. Tin* most complete ♦•x«mpW' obsiTvod; showing th<' form of 
\\\v (Mitiri' sIm'II, t!n» apical C(»n<'. |K>sitioii of siplio and some <»f tho wpta. 

X i.:j. 

Fic;. 2. Tin* pra'soptal coin' witli a portion of the HiinulHted siphonal 
tub**: a lateral view. X \'^. 

Fi(}. !i. A fra^imiMit t)f a sipho. s!iowin>r only the cylindrical jiortion 
to which a part of the smooth external sln'll adheres. X 1.3. 

Fk;. 4. A cr<>ss-section of the apical cone: showin^rat a the filling of 
the inlt'rnal cavity, at b the line of subdivision of the sipho into siphonal 
sheaths. The radial structure of the substance of the body is also indi- 
cated. X *2.0. 

Fi<;. .'). Lat»'ral vii'w of a sipho as usually found, with sm(K>lh cone 
and cylinder. X l.-i. 

Fkjs. (') and 7. V«MitraI (anli-siphoiial) and dorsal (siphonal) aspectsol 
the same sprcjmrn. 

Fk;. S. a v«'rlical lon^i^itudiiial section of a sipho, showing at a (In- 
form of tln' iiilJ'rnai ('M\it\. and at h ilu' lin«* of division i)etween th«~^ 
sliralhs. X l.:{. 
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Introduction. 
The considerations here presented have grown out of the 

studies of river history and denudation which form the newly 
developed branch of geology known as geomorphy, geomor- 
phology, or simply physical geography. It is one of the ten- 
ets of this school of geologists that certain plains of denuda- 
tion now traceable over wide areas have resulted from 
subagrial erosion. Not a few geologists, however, still main- 
tain the view of marine erosion which Ramsay was the first 
to advocate regarding these ancient, tilted and now generally 

♦An address read before the Harvard Natural Historv Society at its 
April meeting. 1894. The |)a|)er in its i)resent form has been partly re- 
written, but it still retains a strain of the lecture styh* in which it was 
Conceived. It is published with the view of pr(»motinj? inquiry into this 
subject, with which it deals in a preliminary and necessarily HU[M>rf1- 
cial manner. 
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deeply dissected plains. The contrast between the old and 
the new views when carried to their consequences in the or- 
ganic realm is so striking that it is thought the following 
discussion will be acceptable both to those who do and to* 
those who do not grant the competency or opportunity of me- 
teoric denudation to account for these baseleveled areas otr- 

peitepfffini(. 

Synopsis. 
The object of the paper is to discuss the effect, on organ - 

isms, of the changes in physical geography which arise in the 
process of baseleveling. Part I presents a cursory review of 
the history of opinion regarding land erosion, including the 
speculations of some ancient writers. Part II deals with the 
general effects of river changes on organisms, and aims to set 
forth the manner in which these changes have influenced the 
dispersion of freshwater species. Part III has to do with the 
Jura-Cretaceous peneplain of North America in particular, 
with the determination of the time of development of the 
peneplain, and with the development of the fauna and flora 
of the Mesozoic era which lived upon its surface. It is in- 
ferred that the production of this lowland was favorable to 
the reptilian class, and that it was a factor in securing to 
them the dominance which they enjoj^ed even after the mam- 
malia had made their appearance. In conclusion, baseleveled 
lands or peneplains and the periods of their elaboration are 
compared with glacial epochs and marine invasion in their 
effect as the environment of organic life. 

PART I. HISTORICAL SKKTCH. 
In reviewing the rapid strides which the new school of to- 
pographic geologists have made in interpreting the history of 
erosion alone, we are in danger of overlooking the fact that 
the idea of a land reduced to an essential plain by erosion is 
far older than anything like a demonstration of the existence 
of a surface of this nature. In a work entitled, '*The Scrip- 
ture Theory of the Earth,"* published in London in 1773, the 
anon^^mous author, after instancing numerous cases of the fall 
of mountains, erosion by snowslides, ice, rains and rivers, pre- 
sents the following conclusion : 

♦The full liile reads: "The Scripture Theory of the Earth thix)ughoiit 
all its revolutions and all iwrimls of its existence, from thi« Creation to 
the final Renovation of all things." See pp. 305-6. 
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Fn)m th»?s«* «>bs»»rvatioiis w«» art* led to conclude that it is |)ossibh\ if 
not probable, that, in a course of aj?es, tin* mountains and vallies may 
be brou^cbt nearer to an c<iualily with each other; there bein^, from the 
co-operation of so many causes, a tendency in nature tothisend, without 
anylhinjr to oppose* or counteract it. The only t)biection that occurs to 
me is that, in this case, it may be thout^^ht the earth would be in dan- 
;:er of l>ein>? overflown by the sea: And the iM>ssibility of this conse- 
(pience hath been alhMl^cMl. Hut there is no such dead level of the earth 
sui)posed. that there would not b«' eminences and ineciualities enough 
l«*ft to keep out the return of the sen. 

In this quotation we find the essential feutureH of two eliar- 
aeteristies of the »Jura-Cretaeeous peneplain as it occurs in 
North America, — the nearly level surface of the time, and the 
eminences or monadnocks whieli had resisted with partial suc- 
cess the denuding forces. This same writer continued his dis- 
quisition upon this subject, '^supplying as little as possible 
from reason, or hypothesis,"* in the fashion of the Mosaic 
writers of his time, tracing to Plutarchf the records of a tra- 
dition, **that the time would come, decreed by fate, when the 
earth would be reduced to an even plain, and mankind should 
all live under one happy policy, and be all of one language." 
The poet Prior, quoted by the same writer,* conceived of the 
leveling of lands and building up of the correlated plain, 
when he says: 

J>lsparted streams shall from their channels fly: 
And deep surchar^^'d by sandy mountains lie, 
Obscurely sepulchred. \\y eatinjr rain, 
And furious winds, down to the distant plain. 
The hill that hides his lu'ad above the skies. 
Shall fall. The plain by sl(»w de«;rees shall rise 
Higher than erst had stcKxl the summit-hill: 
For time must nature's great behests fulflll.i 

Views of the liritiith School, 
The first recognition of baseleveled lands is due to the work 
of Sir A. C. Ramsay in Wales, and it was there he formulated 
the conception of their origin by marine erosion. In his ter- 
minology, they are "plains of marine denudation," marking 
great unconformities in the older strata, or giving rise to the 
even-topped hills of the existing surface. Surrounded on all 
sides by the tidal waters of an active sea, in a region where the 

♦Ibid, Introduction, p. 12. 

fin Iside. 

t Prior's Solomon, Monk 1. 
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existing rivers are relntively insignificant or impoverished ex- 
amples of their kind, the British geologists eurlj found in 
their environment an easily comprehended incentive to ascribe 
the shape of the land to the action of the sea. Although this 
inference was a con8e<iuence of the insular position of the 
British school, we find among its founders, in Hutton and 
Plajfair, a keener sense of the efficiency of rivers than ap- 
pears to have been enjoyed by our later great teacher. L^-ell. 

It may be permissible in this connection to present the re- 
markable diversity of forms claimed for this agency by Jukes, 
who stands as an extremist of this school. Jukes's views, it 
must be said, accord pardonably with his opportunities for 
geological observation, since his lot was cast first in Ireland 
and then in Newfoundland, two insular fields ill calculated to 
inculcate those comprehensive ideas regarding the interaction 
of existing and now locally inoperative causes which it is the 
privilege of the wider ranging continental geologist to recog- 
nize, with the assignment of its due importance to each in the 
economy of geological work. It was partly owing^to this cir- 
cumstance and partly perhaps to the influence of the thought 
of his contemporaries, that Jukes wrote as he did : 

Hut wIh'Ii \\m» f«M«| oiirsclvcK «*iitith'(l (o laki* for ^rrantrd that all cliffs 
at th»* f(H»t of whicli th** s«»h is now h(>atiii^ hav<* bi*eii pr<HhiC(>d by \\w 
♦•n>siv(* action of th«' wax I's, it onlv N'([uircs us to a<lmit that the land 
mux hax«* st«MKl forni«'rlx at Ioxvit h'xcls, so as to allow the si'a to How 
oxt'i- th»* lovxiT parts of it. for us to s«m« tin* pr(»bahillty that all inland 
cliffs, craps, prfcipic«*s, valli'vs and mountain passes, may have be»*n 
pnnluctMl in the same wax Xiul siH*aking irenerally, the prin- 
cipal features in the forms of the ;;roun(l in all lands have b^»en pr«»- 
duced bx this xvldespread aclit)n.* 

The same author states dogmatically, as late as 1862: 
*'Rivers form their own beds, but not their own valleys.'^f 
These quotations are directly opposed to the views of to-day, 
as they are to the earlier and clearer understanding of the 
competency of rivers shown in Playfair's**Illustrations of the 
Huttonian Theory.*' The studies of continental geologists 
within the past two or three decades have done much to revise 
opinion upon this subject. Indeed, the work of reconstruct- 
ing the marine theory of baseleveled lands was begun by Ram- 

*T. H. .hikes. The Student's Manual of (ieolotjv. second ed., Kdin- 
h\\vii\\. 18()->. p. 101. 
f()[). cit., p. 10."). 



BaMeleveling and Ory ante Evolution, — Woodworth, 213 

8ay himself, in his contribution to our knowledge of the work 
of meteoric agents in England. This awakening of the En- 
glish school in regard to the work of rivers has gone on until 
now the reduction of lands to baselevel by meteoric agents is 
almost admitted.* 

Views of the American School. 

Powell, Gilbert, Davis, McGee, and others,. have established 
much in the history of the larger rivers of America. As a 
result of these studies, it is held that rivers and their valleys 
pass through a cycle of existence, ranging from youth in a 
:!Ountry newly elevated above the sea as a plain or mountain 
belt, through adolescence, maturity, and so on into old age, 
when, if the land remain tolerably stable, the country will be 
flattened down into a plain of subagrial erosion, or a. peneplain. 
Renovation of the land by uplift, and the consequent revival 
of stream work, will introduce a new cycle. From the point 
of view of organic life, which it is proposed to exploit in this 
paper, the complete cycle may be assumed to begin and to end 
in uplands of sufficient relief to be characterized as a mountain- 
ous habitat, although the first topography may be construc- 
tional and the last wholly subsequent and polygenetic, the 
peneplain occupying the middle and culminating part in this 
series of progressive geographical changes. 

It has been shown by these river studies that in the reduc- 
tion of a region, either partially or completely, to baselevel, 
mutual adjustments of streams take place, whereby consider- 
able changes in course and direction are brought about. 
Systems are dismembered, the headwaters of one being cap- 
tured and diverted into another through the shifting of 
divides. By changes in level, some streams have been reversed. 
In some cases, an axis of uplift has developed across the path 
of a master river, but the uplift has gone forward so slowly 
and regularly that the stream has been able to maintain its 
course across the completed mountain chain. In other instances, 
changes in the relations of streams have arisen from the pro- 
cess of alluviation in the lower course of a river. It remains 
now to treat of the bearing of these streams on the dispersion 

♦Consult Sir Arch, (ifikie's lVxt-lkK»k of (Jeolo^'v. tliird ♦hI., 189:{, pp. 
4(M)-470; Tht» Scenery of Scotland, second ed. Also se*' H. H. W(mk1- 
WHfd's (reolojry of En^hiiid and Wales, first fd.. 1870. cli. xiii. 
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of freshwater mollusks and fishes, these groups being taken 
for the reason that they record the clearest dependence oa 
river history in their distribution. 

PART II. THK (iKNKKAL K^FKCT OF KIVKK CHAXtJKS ON 

KLl'MAL FAINAS. 

It has been shown that fishes and mollusks are dispersed by 
a number of means, some of which, unless actually observed, 
offer to the investigator no evidence whereby they may be 
detected in after times. On the contrary, river changes, the 
topographic effects of which are still retained in the features 
of a country, afford, when studied in connection with the dis- 
tribution of its fishes and mollusks, a set of phenomena which 
it seems likely will at least in some instances prove instruct- 
ive. 

It has been customary t() explain the phenomena of distri- 
buticm in some of the following ways. Gtlnther,* noting that 
some freshwater fishes are able to migrate into salt water, 
supposes that the passage* from one river to another may have 
been accomplished in this manner, or that there may have 
been a temporary passage opened across a watershed by a 
flood. Lyellf quotes Gmelin as authority for the statement 
that freshwater fish-spawn are distributed by^ anseres; and 
he states further that scattered lakes are stocked by minute 
eggs, entangled in the feathers of the waterfowl, and that 
the water beetles (I)ycticidie), which are amphibious and fly 
in the evening, may transport minute ova to distant pools, as 
when the fry of fish appear in rainpools. Darwin w^rites on 
this subject as follows : 

On tin* sanit* ctmtiinMit fn*s!iwat<*r Hsh often ranj^e widely, and as if 
capriciously; for in two a<!joinin^ river systems some of the sjiecii's 
may be the same and some wholly different. It is probable that they 
are occasionally trans|>orted hy what may be called accldentHl means. 
Thus fishes still alive are not very rarely drop|H'd at dist^int poiuts by 
whirlwinds: and it is known that the ova retain their vitality for a con- 
siderable time after removal from th«' water. Their disi>ersa1 may. 
however, he mainly attributed to chanj^es in the h'vel of the land with- 
in the recent p»M'i<Ml. causinjr rivers tt> flow into each other. Instances 
also could be jriven of this havinjf occurred during floods, without any 
chanjre of level. The wide difference of the fish on the opposite sidesof 

*An Introducti<m to the Study of Fishes, Edinburgh, 1880, pp. 211, 

') 1 o 

f Principles of <teolo>;y. eleventh .\m. ed., ii, p. 374. 
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most mountain ranj^^es which are continuous, Hn<l which consequently 
must from an early iJ<*rio<l liave completely prevented the inosculation 
of the river svstems on the two sides, leads to the same conclusion.* 

I'hrough headwater direr,sion. 

Darwin had in mind evidently those changes which a care- 
ful study of rivers has established as a part of their history. 
It is unnecessary here to refer to particular instancesf in 
which by changes in the headwaters of a river, some portion 
of its drainage has been diverted into another system, carry- 
ing with it of course a representation of its fauna and a 
change of condition in the whole life of both streams. It has 
been further shown that, at successive times, the headwaters 
of a river system have been diverted into a contiguous basin, 
so that, since the changes are slow and gradually accom- 
plished, each new capture may introduce into the fauna of a 
river basin new varieties, which would find themselves in 
close contest with allied species already introduced, as well as 
with the older species peculiar to the river system. Dispersal 
may in this manner be accomplished across a main summit of 
land, such as that now dividing the waters of the Mississippi 
basin from those of the Atlantic slope, or it may be limited to 
interchanges of fauna between parallel streams occupying the 
same continental slope. 

Throntjh antecedent streams. 

The not altogether acceptable case of the Green river, 
which flows through the Wahsatch range in Utah, may be 
taken as an example of rivers of this class, where the uplift 
of a mountain barrier has been successfully resisted by the 
river. So long as unsurmountable rapids or falls do not in- 
tervene, there is a free communication across the range. 
Even where falls of considerable magnitude occur, certain 
fishes have acquired the habit of leaping them in their at- 
tempt to reach the headwaters during the spawning season. 
If, at a late date in the history of an antecedent river, its 
headwaters be tapped and led to the sea in another direction, 

*l)rigin of Species, sixth (Am.) ed., New York, p. '^AA. 

f\V. M. Davis: A River Pirate, Science, xii, 1889, j). 108. 

R. DeC. Ward: Another River Pirate, Science, xix, 1891, p. 7. 

H. L. Harris: A new instance of stream capture. Science, xxii, 189.*?, 
pp. 36, 37. 

C\)llier Cobb: A recapture from a River Pirat«% Science, xxii, 1893, p. 
195. 
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abandoning tlie pass through the range, we may have pre- 
sented the phenomenon of two streams in headwater opposi- 
tion with identical species ; but the "wind gap" will remain 
as a monument of the time when the streams were part of the 

same system. 

Throvyh a/lHriafion, 

Changes of less significance, but often throwing light on 
the dispersion and consequent modification of fluviatile life, 
occur in the deltas and alluvial plains of river basins. By 
increasing alluviation in the delta region, the tributaries of 
the main stream are often forced aside to flow in the lower, 
back levels of the plain, along which they may find their way 
to the sea many miles distant from the vagarious mouth of 
the master river. In this manner a fauna once common to the 
main stream and its tributary may be divided except for the 
occasional communication established by floods in the delta 
district. But if the separation thus initiated be continued by 
favorable geological conditions, the isolation of the two fau- 
nas may be so complet<* that any subsequent intermigration 
between the two river 83'stems must take place through the 
salt water along the coast, or b}' one of the interstream 
changes already described. The Red river of Louisiana is 
now in this initiatory stage of separation from the Missis- 
sippi river. 

Thi'nu(jh atfiyht stthmerifeHce, 

Where submergence takes place, the lower courses of rivers 
become converted into arms of the sea. Drowned river valleys 
of this origin now abound in the northern hemisphere. Where 
this hus occurred the freshwater fauna common to the master 
stream and its lower tributaries may be cut off from each 
other by the invasion of salt water, as in the case of those 
rivers which discharge into the present ('hesapeake bay. 

ThntHifh eieratioi) and revival of streams. 
Opposed to the preceding action on organic life, is the up- 
lift of a region like Hudson's bay, whereby the streams would 
be made to continue their courses seaward and frequently be- 
come confluent, thus bringing into contact species before liv- 
ing in separate basins. Whereas, in the case of submergence, 
the freshwater species are crowded back into a constantly 
lessening domain and thus are afl'ected unfavorably, in this 
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case the same species have a more extended range towards the 
sea to which the salt water is withdrawn. 

As a consequen(;;e of uplift of the land and the revival of 
streams which have attained their baselevel of erosion, rapids 
and falls may be introduced in their beds. Glaciation may 
induce the same effect through the irregular deposition of 
glacial drift. Some fishes before capable of occupying the 
greater portion of a river basin may thus be limited in range. 
Essentially marine organisms, capable of enduring temporarily 
fresh water, may be excluded from ranging above the falls. 
Anadromous fishes of the families Clupeida* and Salmonida;, 
including the shad and salmon, have the habit of ascending 
large rivers into fre^h water to breed. Shad ascend the riv- 
ers in the spring, their ascent being limited by unsurmount- 
able falls and unfavorable temperature. It is probable that 
this habit of leaping falls has been acquired, and it points to 
a time when the practice of ascending to the headwaters of 
rivers did not require the exercise of this function. These 
fish seem then to afford us an instance in which a geographic 
change, common to the rivers of the northern, glaciated 
lands, has been met by the acquirement of a habit of leaping 
falls, introduced into the streams by recent uplift or glacial 
derangement. Without this habit, the uplift of the land, or 
the formation of an axis of warping across the path of a 
stream, or even differential wear on the bed rock so as to form 
a fall, might have proved destructive to a species. Instances 
of this kind incline us to be cautious in speculating on the 
extent to which geographical changes of a minor kind exercise 
a life and death influence on particular species of animals. 

Effect of Basklkvelinu of a MorNTAiNous RECiioN. 

Mr. Alfred R. Wallace has recently considered the e fleet of 
geographic vicissitudes on organisms, under the title of 
"Changed Conditions."* After enumerating the ordinary 
modiflcations of land and water and dependent climate in 
their action upon vegetation, and so on herbivorous animals, 
he notes that : "When such physical changes as these have 
taken place, it is evident that many speeies must either be- 
come modified or cease to exist.'' He further draws the con- 



♦Darwinism, chapter v. 
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elusion that "whenever the ph^'sieal or organic conditions 
ehange t<) however small un extent some corresponding change 
will be produced in the flora and fauna, since, considering the 
severe struggle for existence and the complex relations of the 
/ various organisms, it is hardly possible that the change 

should not be beneficial to some species and hurtful to oth- 
ers/' 

In any land which has undergone degradation from a moun- 
tainous topography to a peneplain, we ought to find a marked 
change in th(» organisms at the close of the <^ycle of denuda- 
tion. In the first stages of change from original construc- 
tional t(»pogr»phy. effects will be discernable. Sculptured 
slopes with ravines, sharp divides and peaks, cradle species 
and varieties by barriers which oppose ingress and egress 
With the development of the um])rella-shaped topography of 
the island of Oahu, the land snails have varied from a com- 
mon ancestral, coastal type to valle^'-cradled, diff^erentiated 
varieties, in the upper and disjointed valleys of this disman- 
tled, volcanic island cone.* 

In the progress toward final baseleveling,the repeated diver- 
sion of streams or the reversals of drainage are a constant 
cause of changed <*onditions. The cycle begins in a moun- 
tainous tract with the least facility for migration of species, 
and ends in broad lowlands which favor the easy migration 
and wide distribution of plants and animals. 

Fii(iin(j atrftf/ of diviiles. 

If we follow th(» surface of the lands downward from an 
original higli relief to the completed baseleveled plain, we 
note first that the fading away of divides will throw animals 
anil plants before separated by barriers into one field, and 
that thus new adaptations between species will be enforced. 
lA^veling ort' a mountain system and throwing the life of its 
opposite slopes into the same field would now in many parts 
of the world bring together species which must contest for 
survival. 

Darwinf states that he was struck with the remarkable dif- 
ference between the vegetation, the (juadrupeds, and in a less 
degree the birds and insects, of the eastern valleys of the 

*.I. T. (iiilick: Proc. Huston Soc. Nat. Hist., vol. xxiv. 181)0. pp. HMi-T. 
f.Iournai of Kt*scarcln's. ftc. cliai). xv. Am. ed., pp. 320 and 327. 
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Andes and those on the Chilean side, although the climate as 
well as the soil was nearly the same, upon which he comments 
as follows : 

This fact is in |x'rf«*cl accordance wiili th»» j<*»(>logical history of thf 
Andes: for these mountains liavo existed as a great harrier, since the 
I>resent races of animals liave app«»ared: and, therefore, unless we sup- 
pose the same s|>ecies to have heen created at two different places, we 
ouf^ht not to ex|)ect any chiser similarity between the organic beinjrs on 
the opjK)sit«' sides of the Amies than on the op|)osite sides of the ocean. 
In both caf>i»s we must leave out of the question those kinds which have 
been able to crcKSs the barrier, whether of solid rock or salt water. 

If this divergence of character has developed with/the up- 
lift of the mountain barrier, we ought, on the other hand, to 
expect further mutations when the barrier disappears b}' de- 
nudation; and the tendenc}' of the change will be in part 
towards intermigration and the consequent unification of the 
fauna and flora. Thus on the eastern side of North America, 
on the two slopes of the Appalachian chain, which has been 
once baseleveled, tlie fauna and flora ditt'er as little as possi- 
ble,* yet, when this mountain system was in an Andesian 
youth and very high, the life of its opposite slopes must have 
been as strongly marked as tiiose of the southern cordillenis 
at the present time. 

hetjradatioii nf iifthniifs. 

Organisms suited to steep slopes and high altitudes with 
low temperaturesf must vary, migrate up the remaining mo- 
nadnocks, or keep their stations at a disadvantage as the 
surface sinks by denudation beneath them. The artificial 
transference of some species from uplands to lowlands is at- 
tended with ditticulty. Thus with alpine plants transplanted 
in the plains, **whether from a change of atmospheric pres- 
sure or mean temperature," says Mary Somerville,;^ "all at- 
tempts t(» cultivate them at a lower level generally fail ; it is 
much easier to accustom a plant of the plains to a higher 
situation." 



•The chain still acts as a barrier to the Tnionida'. for instance. Sim* 
Chas. T. Simpson. Proc. I'. S. Natiimal Museum. v(»l. xvi. 1803. i»p. 5U1- 
5: also Am. Naturalist, vol. xxvii, p. 353. 

f Dr. C. Hart Merriam hais shown the im|Kirtance of temp«*ratun' coii- 
lr(»l in the geographic distribution of mammals. Smithsonian l{e|)ort 
fi»r \m\ (pub. 1803), p. 400. 

{Physical (JeoKraphy. second Am. ed.,18.'>0, p. 30.'). 
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Sffttntl of lotrlfiHii rtpHfiifioHS. 

Since baselevfling by metef>ric agencies doe« not necessarily 
bring about the drowning out of lowland species bv the en- 
croachment of the (!iea. thftse format which originally possessed 
the coastal belt will find a wider field opened to them by the 
degradation of the interior. If they migrate into this wid- 
ening field, they may be brought into contention with those 
forms which have followed the surface downward. Other 
things being equal, the endemic lowland forms will have an 
advantage over thr»se organisms which are living under the 
trial of altered environment with the added stress of a con- 
test against hitherto unmet species. The new conditions 
comprising wider range will affect the lowland fauna and 
flora; it seems as if these forms should dominate over the less 
favored species forced down from the fading uplands. 

77/^ /tetttfp/fii'ti lilt open Jiehl /or In ml HJ'c, 

We have here to note jyerhaps the most impc»rtant respect 
in which the new view of the origin of the ancient plains of 
denudation differs from the hyp(»thesis of marine erosion. So 
long as it was held that plains (tf denudaticm and the great 
unconformities in the geologiral se<*tion were formed alto- 
gether or essentially by the action of the surf-mill advancing 
over their surface, animals and plants inhabiting the land 
must have un<lergone extermination or have sought refuge on 
islands, on the remaining territory, or have migratcKl to some 
land bef<»re unoccupied by them. Such even are the effects 
of bare submergence without actual baseleveling, stated by 
I)e La Heche* as early as 1887. By submergence, he says, 
*'the area of drv land wr»uld be much diminished and the same 
amount of animals could not find room in it: there would be 

a considerable collision of species against species The 

weaker would giv** wa\', and thus some species might be ex- 
terminiited so far as the islands were roncerned." 

\Vh<*re the process of planing oil* tin* lands was complete in 
th«* old view all land 11 f(^ nnist have hren extinguished. The 
n«*w vifw leaves the land open as a theater for land life; and 
the slow, gradual change in environment brought about by 
erosion i^ nnieh more nearlv in accord with the rate of alter- 

ft 

*K«-s«';ii'cln-> ill 'rin'un-licjil <MMj|oi:\. New York. ISIH. p. 217. 
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ation in organisms than are the rapid changes which attend 
euhmergenee. 

Uplift and dissection of the peneplain. 

With the revival of erosion through the elevation of the 
land and the consequent entrenchment of the rivers in the 
surface of the uplifted peneplain, the subtle organic coating 
will feel again the changed environment. Valleys and divides, 
cradles, barriers, and a choice of location, will again be offered 
to animals and plants as a change from the monotonous con- 
ditions of the completed peneplain. Following the altered 
environment will come the modified organism, varied by rea- 
son of migration or isolation and the multitude of causes 
which geographic vicissitudes originate in the organic realm. 
In this change from a lowland, interrupted only by monad- 
nocks, to a dissected upland, the lowland species will find the 
scales turned against them in favor of the survivors of the 
old highland life still clinging to the elevated raonadnocks or 
some adjacent region of continued uplift. 

PART III. THK .lUKACllKTACKOUS PKNEPLAIX. 

From these general considerations we now turn to a period 
of baseleveling which is particularly well marked in North 
America in the existing topography and also, as I hope to 
show, in the organic history of the Mesozoic, the era during 
which the Jura-Cretaceous peneplain was elaborated. This 
peneplain forms the nK>st conspicuous topographic feature in 
eastern North America, and traces of a plain of denudation of 
this date are not wanting on the Pacific coast* and over the 
interior of the continent. While it is yet too early to state 
that this peneplain was so widespread as to atf'ect the atti- 
tude of the continent as a whole, the evidence j)oints to this 
conclusion and so to the effects in the organic world which 
would follow from such a condition of geography in the niid- 
'dle Mesozoic. 

The peneplain is well developed in the middle Atlantic 
statesf and southern New England, as it is also in the south- 

*Mr. J. S. I)ill(»r\s jrencraliziMl si'ction across th«' Sit*rni N«'va(la raiijr*' 
»»xhibits the ()utli!MM)f an uplifted, tilli^d and faulted peneplain. S(»e 
Wfr. 1. Hulletin :«{, V. S. (Jeol. Survey. \^. \\\. 

fPn)f. W. M. Davis, Rivers and Vallevs (»f Pennsv Ivania. Nat. (ieo- 
jrraphic Magazine, vol. i, 188!). 
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ern AppalaclnanH.* It forras the even crests and skj-lines of 
the mountainous ridges in Pennsylvania and New Jer8ej,aD(l 
tlienoe it declines beneath the sea level, forming the plane of 
unconformity between the upturned edges of the Jura-Trias 
or Newark group and the Potomac and higher beds which 
rest upon it. So conspicuous is this feature in the landscape 
of the eastern Unitini States that it has generally attracted 
the attention of observant travellers. Thus, in the valley of 
the Ohio, we find the following description given by Bourne :f 
IN'rIuips tin* Ix'St itlrn of tin* l(»p<)>?raphyof this rej^itm may bf* obtained 
by I'ompHriiiL^ it to a vast »'l»'vat«Hj plain, noar th«» center of which the 
,stn*ams risi* anil in thfir cours** wearing down h bed or valley, \vht>si' 
depth is in proiN)rtion to their size or the S4»lidity of the earth over 
whirh they flow, so thai our hills, with some few exceptions, are m»th- 
in^' mon* or h*ss than clitfs or hanks made by the action of th«» streams, 
and althoii<^rh th«'s»' clitfs or banks on th«' rivers or largt* crt^ks approach 
the size of mountains. \et their tops are generally level like the n*maiiis 
of an ancient plain. 

ytHi-mnrine hetis rtst on the itenepl(n'n on the AtfautTc Comtt. 

It is a curious fact that immediately succeeding the period 
of erosion in which the peneplain was in great part formed, 
there comes, along the Atlantic coast in southern New En- 
gland, New Jersey, and some of the states farther south, a 
series of non-marine beds, the Potomac and the lower portion 
of the Upper Cretaceous or Karitan group in New Jersey. 
These beds preclude the idea of marine erosion as the cause 
of the denudation which preceded them. It was at a later 
time in the Upper Cretaceous that the sea encroached upon 
the area and deposited sands and marls. The Potomac beds 
are referred to the border line between the Jurassic and the 
Cretaceous; and, if we admit their earlier age we must sup- 
pose that the Piedmont portion of the peneplain was essen- 
tially reduced to baselevel before the close of the Jurassic 
period. 

The phint-bearin^ Karitan clan's in New Jersey dip ocean- 
ward, according to Prof. \V. B. Chirk,J at a rate somewhat 

*Ha\«'s and Campbell. ( Jeoniorpholosry (»f the Southern ApiMilachiaiis. 
Nat. (ieo<r. Ma^'.. vol. v. ISIM. 

fQn«)led in J. H. Collon's Western Tourist or Kmfgrant'sliuide. New 
York. 1H1(5, pp. 10-11. 

l\ Prelim inarv Ke|)orl on the Cretaceous and Tertiary formations of 
New .lersey.Aun*. Report N. .1. (ieol. Survey for 1892 (pub. 18JK3), p. 182. 
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steeper than that of the overlying marine Cretaceous. This 
fact supports the conclusion arising out of the absence of 
other than a few brackish water molluscan fossils in the group, 
that a barrier existed at this time eastward of the present 
shore-line, whereby the sea was partly excluded from the 
Piedmont area. This would make the Raritan and the older 
Potomac groups probably of lacustrine or estuarine origin de- 
posited in basins formed by the warping of the baseleveled 

plain. 

Post-Cretaceous history of the peneplain. 

At the close of the Cretaceous, the peneplain and the upper 
Cretaceous deposits which covered its submerged seaward 
margin were elevated and tilted. Streams began to cut down 
valleys and to undergo those adjustments which had previ- 
ously been outlined in the initial stages of baseleveling. Great 
changes in geography were made in the western or cordilleran 
portion of the continent. By the end of Eocene times in 
eastern North America, the streams had almost worked out 
another or Tertiary baselevcl ; renewed uplift caused them to 
sink their valleys still deeper. 

The coast shelf the correlative of the peneplain. 

Denudation has its counterpart in deposition. The growing 
coastal shelf of the Atlantic coast, including the formations 
newer than the Jura-Trias and older than the Tertiary, is the 
structural complement of the adjacent portion of the merely 
superficial peneplain. If the one influenced the character of 
the land life during its topographical development, the other 
Ixad its due effect on the marine fauna. Hayes and Campbell* 
have recently called attention to the correlation between the 
sediments and cycles of baseleveling in the southern Appala- 
chians. With the decline in the grade of the rivers debouch- 
ing on the Fhore, the sediments became finer and finer; when 
baselevel was reached the stream contribution was in the form 
of chemical rather than mechanical waste. With the progressive 
shallowing of the continental submerged margin the scour of 
currents and efflux of tides would spread farther out from the 
shore-line the conditions which on deep water shores are con- 
fined to a narrow fringe below the littoral. The shoaling of 

♦Geomorphologv of the southern Appalachians. Nat. (Jeoj^. Majr., vol. 
VI, 1894, pp. 123-12(5. 
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the coast through the growth of the coastal plain would 
tend to increaBe the temperature of the water on the new 
soundings, as W. F. (ianong* has noted as the effects of mod- 
erate uplift in recent geological times. Shoaling and straight- 
ening out of the shore-line diminish the tides, and these being 
less do not so much perturb through the admixture of the 
deeper cold water the surface waters warmed by the sun. 

With the development of the coast shelf synchronously with 
the peneplain there was brought into existence a population 
of marine reptiles, the mosnsaur and its allies. Just as land 
mammals, as we first knoi^- them, are paralleled by representa- 
tive marine cetacean species, so, in the abundance of reptil- 
ian life, forms were adapted to existence in the sea and on the 

and 

The Lifk inhabiting the Peneplain. 

Turning now to the more familiar account of the fauna and 
flora of the Mesozoic, we find both of these productions at the 
apparent opening of the era remarkably dissimilar to the Pal- 
eozoic forms. During the succeeding secondary periods 
equally noteworthy changes took place. Along with this 
rapid advance in the higher vertebrate ranks, we have the 
seeming fixity in some of the invertebrates after the comple- 
tion of the penejilain. 

The frt'Hfurater ittolfitftra nitaineil their preaevt characteriativs 

before the close of Ihe ("relaceotat. 

We have to note that the freshwater moUusca of North 
America attained approximately their present characters dur- 
ing the period of evolution of the baseleveled lowlands, and 
that they have undergone little modification in the succeeding 
periods until now. "To so great a degree had this differenti- 
ation then attained," states Dr. C. A. Whit* in his report on 
the Cretaceous invertebrates of the Plateau Province, "that 
the species of Tnio, Helix, Physa, etc., seem to have been as 
diversified and well developed as they are at the present time. 
Indeed the species of these genera are so closely like some of 
those now living that they need only the fresh condition of 
recent shells to remove all suspicion of their great antiquity 
from the mind of the easu»l observer." One of these genera, 

*S(»iiilnTn Iii\«'rl«'l>ral«'s uii the Shores of Acatlia. Trniis. Ron. S<><.*. 
<'aiia(la. ?j iv. lSil(», (pp. I(i7-isr>) p. iSi. 
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Physa, has been found in the ancient freshwater fauna of the 
Lower Coal Measure limestone of the Eureka district in Ne- 
vada,* a discovery which shows for how long a time the ex- 
isting mollusca of the land waters have held their own on the 
American continent. In what has been said concerning the 
mutations of the drainage of the inland waters, the attempt 
has been made to point out the manner in which their differ- 
entiation may have been brought about. These mollusca 
survived the geographic changes which at the close of the 
Mesozoic destroyed the function of the peneplain as a low- 
land; in this respect the mollusca differ widely from the rep- 
tilian group, which, as we shall see, pass out as the peneplain 
was uplifted and dissected. 

Changes of the flshes and amphibians not tcell understood in 

relation to the peneplain of this date. 

While it is among the vertebrates that the most obvious al- 
terations are found, not all of the changes are readily traced 
to the bearing which the lowlands of the Mesozoic might have 
had upon their particular groups. Among fishes the ganoids 
held sway as late as the culmination of the peneplain in Cre 
taceous times, but they gave way then to the teleosts and have 
now but a scanty representation in our rivers. That there 
was a marked change in the character of the fishes in known 
areas at this time is well known, but how far the differentia- 
tion of the fishes had been accomplished through these river 
changes is difficult to determine, particularly for the reasons 
that freshwater fishes are rarely found, and that these, like 
the mollusca, are invariably lacustrine species. We must be 
content with pointing out, in this place, the manner in which 
the river changes may have operated to modify the species. 

Of amphibians, the labyrinthodonts, the first of which ap- 
peared as early as the Carboniferous, survived the Appala- 
chian revolution, attained their grandeur in the Trias, and 
apparently disappeared in North America before the Upper 
Cretaceous. The exact cause of their decline is probably to 
be sought in the development of the more powerful reptilia. 

♦A. Ha^ue, Gt»ok»j?v of lh<* Kiin'kn District. Monog. xx, U. S. (iool. 
.Siirv<»y, 1892, p. 87. * 



226 The American Geologist, October, 18M 

JieptileH and particularly the tlinosaur group are correlated in 
development with the growth of the peneplain. 

Reptiles proper are the best indices we have of the influ- 
ence of the peneplain on organic life. "This class," says Le 
Conte,* "seems to have culminated about the end of the Juras- 
sic or the beginning of the Cretaceous period. If their re- 
mains are more abundant in the Jurassic in Europe, thej are 

far more abundant in the Cretaceous in America. In 

fact," continues this lucid writer, "we had here in America 
during that time an extraordinary abundance and variety of 
reptilian life, including all the principal orders." With the 
abundance of land reptiles we find also the greatest variety of 
marine forms. "The reptilian type," states the venerable 
Dana,f "was unfolded in its complete diversity : the sea, air 
and earth had each its species; and there were both grazing 
and carnivorous kinds, of large and small dimensions." The 
chief of these in our interest are the Dinosaurs. "This great 
group of reptiles," says Marsh, J "were the dominant land an- 
imals of the earth (luring all Mesozoic time. According to 
present evidence, the dinosaurs were confined entirely to the 
Mesozoic. They were abundant in the Triassic, culminated 
in the Jurassic, and continued in diminishing numbers to the 
end of the ('retaceous period, when they became extinct." 

Reptilia are characteristic lowland forms. They will endure 
the cold of high altitudes and latitudes only by falling into a 
state of torpidity. In the development of the peneplain from 
the high relief of the Permian, and again, at the close of the 
Jura-Trias, the widening out of the lowland, with plains and 
jungles near tide-level, followed by depression of the land, 
must have highly favored the water-loving reptilia. It is to 
these geographic circumstances, I think, that we must look 
for an explanation of the remarkable history of this class in 
Mesozoic times. 

Object tints (i rising frtnn itnpcrjerf knowledge of the ejrtent of 
the pentphiin. The most serious objection which, as it appears 
to me. can be raised against the view that the production of 
broad lowlands in the middle Mesozoic favored the domi- 



*Kl.-mriiis of (Jroln^LTv. third ed.. 1801, p. 484. 
-I'Mamial of (H'olo<ry. third fd.. 1880, p. 4^'). 
XXxn. .loiir. Sci.. HI, vol. xxxvii. 1881), p. 331. 



Baseleveling and Organic Involution, — Woodworth. 227 

nance of the reptilian group, arises from the imperfection as 
yet of our knowledge concerning the extent and distribution 
of the plain of meteoric denudation of this date. It seems 
now clear that the baseleveling of the North American conti- 
nent was so widespread as to be admitted as capable of exert- 
ing the control which is here claimed for it.* In the case of 
western Europe the evidence is also good, if we interpret the 
records in the light of our present understanding of the part 
played in denudation by land waters.f These two fields are 
so far best known for their reptilian remains. The geology of 
South Africa is as yet too little known to attempt a correla- 
tion in that geological province. While the present evidence 
would seem to correlate the distribution of the dominant 
dinosaur group with the lowlands of the Mesozoic about the 
North Atlantic, future discoveries may not only modify but 
controvert this opinion. 

It was not until this paper was written that I became ac- 
quainted with the work of Neumayr on the geography and 
organic life of the European Jurassic and Neocomian periods. 
The fact pointed out by him that the upper Jurassic rocks 
extensively overlap those of the lower Jurassic, so that ''the 
Lias was not deposited over an enormous part of the earth's 
surface," J is paralleled by similar conditions on the North 
American continent in the middle Mesozoic ;g but in this 
western world the subsidence which followed these broad con- 
tinental conditions did not come until the upper ( •retaceous. 
It is pretty clear that the period of development of the Jura- 
Cretaceous peneplain was one also of broad continental condi- 
tions, a circumstance evidently favorable to baseleveling. It 

*Seo W. M. Davis: Th(» ()saj?<* Uiver and tin* Ozark Uplift. Science, 
vol. XXII, 1803. pp. 270-279. 

Dr. C. A. White: Correlation Papers— C:n'(acoous. Hulleliii 82, V. S. 
(Jeol. Survey, [time-hiatus before Lower Cretaceous] p. 130: also pi. 11, 
ibid.. **A Summary of the published Cretaceous 8<»ctioiis for fach re- 
gion" of the United States, showing time-breaks in Lower Cretaceous 
contracted with deposition. 

S. F. F^mmons: Orofrraphic movements in the Rocky Mountains. Jiull. 
Geol. Soc. Am., vol. i, 185K). pp. 20»-27» (Jurassic land*). 

fH. H. WotKlward: Geologv of Kn^land and Wales, first ed., 1870, pp. 
3(M), 400. 

^Sir Arch. Geikie, Text-book of Geology, third ed.. ISIKJ. pp. 80.5-81)7. 

?^Dr. C. A. White, Correlation Papers, Hull. 82, U. S. (ieol. Survev, p. 

iim. , 
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is probable also that this broadening of the lands by elevation 
and coast building, bj extending the field for land organisms, 
was favorable to the great group of reptiles. We find a par- 
allel development of the group of mammalia when in the suc- 
ceeding Tertiary periods the lands again became the present 
massive continents. 

Objections arisiny from lack of knowledge of the distribu- 
tion of the Mesozoic reptiles. It is not too much to say that 
existing reptiles are lowland forms. While a few species 
range to gceat altitudes they are so few in numbers individu- 
ally and specifically as to detract nothing from the generali- 
zation. It is, however, much more difficult to subs tan tiate=^ 
this claim for the class in Mesozoic times. With the great 



diversity of reptilian life which then existed it is highly 
probable that forms were adapted to life in mountains aswel 
as on the plains. We should expect from the affinities of th 
dinosaurs and what can be learned of their habits that they 
were water-loving forms, and hence ranged along the river 
and lake basins. Professor Marsh speaks of the Atlantosau — 
rus as inhabiting the shores of the mountain lakes; but thc^ 
bulk of this and other animals of the order makes their dwell- 
ing in a strictly mountainous region quite improbable. It 
seems more likely that the kangaroo-shaped dinosaurs, par- 
ticularly such forms as daosaurus, Ceratosaurus, or even 
Anchisaurus of the Jura-Trias, were adapted for progression 
over plains. But although the variety of forms was carried 
to such an extent, with adaptations to every habitat and sta- 
tion, there is little question, it seems to me, that the class was 
then as now mainly distributed in the lowlands. 
Mawtnallan life viifavoraldy affected by the peneplain ami 

reptilian life. 
The weak marsupials or low mammals, which first appear 
in this country with Dromatherium in the tolerably high relie^ 
of the Trias, were apparently driven to the uplands by th 
more puissant and numerous reptiiia of the peneplain. The 
development seems also to have been retarded. This restrain 
of the higher rlass by the reptiiia we may fairly attribute 
the advantage which the hitter derived from favorable g 
graphic conditions. **It is a most remarkable fact," sj 
LeConte. *'that although marsupial mammals have been fo' 
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in the Jurassic and probably existed in considerable numbers 
then, yet not one has been found in the Cretaceous," to which 
he adds, "It is probable, therefore, that during the Cretaceous 
the marsupials which doubtless existed had been driven to 
some other portion of the earth, where we shall yet find their 
remains when our knowledge of the geology of the globe is 
more complete."* Professor Marsh, with the aid of Mr. J. B. 
Hat<!her, has found, since this statement was made, ^e abun- 
dant -mammalian remains of the Laramie beds in Dakota and 
Montana,! thus fulfilling a long mad*- conjecture ; but these 
mammals, though living at the close of the Cretaceous, are of 
old, lowly types, and with them were found the bones of the still 
dominant dinosaurs. On the east coast of North America 
mammalian remains are as yet unknown in the Cretaceous. 
If these animals existed in the region at that time their range 
was doubtless limited to the monadnocks. These cradles for 
the mammalia offered an escape from the lowland life, but 
presented no opportunities for preserving fossils, except 
where great interior lakes existed. 

The close of the Mesozoic attended lnj the extinction <tf the di- 
nosaur group and the uplift and erosion of the peneplaift. 
The break in organic life which occurs in the interim be- 
tween the Cretaceous and the lower Tertiary is generally wide- 
spread; in a few areas such as that of the interior district of 
North America the passage is well recorded. There the di- 
nosaur group passes out and gives place to new life which came 
in as by a bridge from some land before separated from the 
habitat of the reptilia. It has long been recognized that the 
Ideographic changes of this time were concerned in this or- 
ganic revolution. Professor Verrill, in a lecture at Yale col- 
lege, regarded lack of parental care as a probable cause of the 
extinction of the large and powerful reptiles of the Mesozoic 
age and of the large mammals of the Tertiary; J and Prof. 
Marsh has pointed out the fact, true of these reptiles as of 
the gigantic brutes of the American Tertiaries of which he 
particularly speaks, that they had] brains of diminutive pro- 
portions. "The small brain, highly specialized characters and 

♦Klttmeiits of Goolojry, third <»<!.. 181M, p. 402. 
fAm. Jour. Sci.. Ill, vol. xxxviii. 1889, pp. 81-8:{. 
{Quoted by K. W. Morsr. Scifiu-i*. vol. x, 1887. [>. ?.'>. 
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huge bulk rendered them incapable of adapting themselves to 
new conditions, and a change of surroundings brought ex- 
tinction."* 

The late Mr. S. V. Wood attempted to adduce an explana> 
tion of the break in the character of the faunas of the Creta- 
ceous and Tertiary periods in the European province from 
the geographic changes which then occurred. f He supposed 
that "the disappearance of the marine saurians was conse- 
quent upon that of the cestraciont fishes, the destruction of 
the latter having proceeded from the failure of the t^trabran- 
chiate cephalopods which supplied their food," these in turn 
owing their extinction "to the entire change which took place 
in the position of the shores at the close of the Cretaceous 
period." "This chunge," he thought, "was so complete that 
such of the shore- followers as were unable to adapt themselves 
to it succumbed, while the others that adapted themselves to 
the change altered their specific characters altogether." J The 
ammonites and other chambered cephalopods of the Mesozoic, 
he pointed out, wo have reason to believe were, like the Nau- 
tilus, bottom-feeders, and therefore shore-followers. Wood- 
wardg supposed that the chambered cephalopods could not 
exist in depths exceeding 20 or 80 fathoms. The geographic 
change which Mr. Wood invoked was one from the littoral 
conditions of the Lias, Oolite and Cretaceous formations of 
England and northern France to the exclusion of the sea b}' 
the uplift and western extension of the European continent, 
so as to confine the waters of the Eocene nummulitic sea to a 
gulf such as that of Arabia or Persia. 

In North America, the completion of the peneplain was fol- 
lowed first by the submergence of the later Cretaceous, then 
by the reversed movements of the succeeding Eocene. In the 
Sierra Novadas the faulted surface of the peneplain forms 
the even tops of the western slopes of the range ; and in east- 
ern North America the peneplain has been ditt'erentially elo- 

fOn !h»' Form and Dislribulioii of tin* liaiKl-tracts during lh(» S«^t*- 
r)ii<lnrv aixi TcTlian p»'rin(ls n*siM'cnvi*ly; and on the t'tfocts ii|M)n Ani- 
mal IJf<' whicli ^rn'ul (*hanir<'s in (Jj'ojrraphiral Confl^uralion huvt* 
probablv pro(hic«'(l. Philosophical Ma^H/'in**. fourth s«»ri('S, vol. xxiii. 

18()2, pp. H»o-i:i, -irjii-'^s-i. :w>-:«):{. 

tibid.. p. ast. 

jiManual of Mollusca. st'cond fd., 1871. pp. 1S4, 185. 
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vated so a8 to stand at various bights, many of them mountain- 
ous. On the Pacific coast, the correlated coastal shelf was 
built into the Coast Range; on the east coast, the continental 
8helf has been slightly uplifted in the south and somewhat 
depressed in the north. 

The Flora of the Mesozoic underwent alteration. 

The change in the animal life of the Mesozoic* was equalled 
by the alteration and advance in the character of the flora. 
The flattening down of the peneplain was attended by the 
incoming of the higher vegetable types. "Even with the Ju- 
rassic epoch, the next in succession to the Trias," says Sir 
J. William Dawson,* "there are clear indications of the pres- 
ence of the endogens, in species allied to the screw-pines and 
grasses: and the palms appear a little later, while a few exog- 
enous trees have left their remains in the Lower Cretaceous, 
and in the Middle and Upper Cretaceous these higher plants 
canre in abundantly and in generic forms still extant, so that 
the dawn of the modern flora belongs to the Middle and 
Upper Cretaceous." 

Mr. Alfred Russel Wallacef follows BalTs hint as to the 
cause of the late appearance of exogons. The suddenness of 
their appearance, he notes, must be only apparent, being "due 
to unkn(»wn conditions which have prevented their preserva- 
tion (or their discover}') in earlier formations.'' Mr. Ball J 
has supposed that the monocotyledons and the ferns, equise- 
tums, cycads, and conifers inhabited the lowlands, while the 
dicotyledons grew in the uplands, where there were less pres- 
sure, heat, moisture and CO^ in the air; and on this Mr. 
Wallace remarks that, in the Rocky mountains ferns and 
monocotyledons are scarce in comparison with dicotyledons, 
dryness and rarity of the atmosphere being tht; cause. Ele- 
vated plateaus and mountains, he states, are more favorable 
to dicotyledons than to monocotyledons, and we may well sup- 
pose that the former originated within such elevated areas 
and were for long ages confined to them. 

If we suppose that the earlier Mesozoic uplands were the 

♦(JtM)lojrical HisU)ry of Plants, pp. 177, 178. 

fDarwinisin, Humboldi Library cd.. p. 270. 

JOn the Origin of th«^ Flora of tin* KuroiM*an Alps, Proc. Koy. <k*oj;. 
Soc. vol. I. 1879, pp. r>(M-r)88. 
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$eat of the existing dic**rTiedon*-. then bj the lowering of the 
i^urface bv ^rradual ^onisumptiMn of the inter«tream areas, 
these f*»rms nlu^t have been br^ugrht into eonflict with the an- 
cient fl'ira 4*f the I■•wiand<^ and therebr foreed into a contest 
for suprc-macT. The upland* which «ti]l remained in the form 
of monadnock-ji rising above thr baseleveled plain served ai^ 
re^erA^oir* f«»r replenishing anv weakening in the cohorts of 
the end«igt-n«~»u> *pecie«. 

We should expet.'-t to find the influence of baseleveling dis- 
advantage«*u> t«* the upland flt>ra and hence favorable to the 
continuation t*f the ••Id Pa:e«'tzoie tvpe>. The fact that the 
rndogen* prevailed in >p;tr of this ge«*graphic change would 
make it setrm tiiat the upland mainiv endogenous forms were 
haniier and arc«iRimi*dated themselves to the lowlands, ex- 
cluding the older flora. Thus, at the base of the Upper Creta- 
oe^^u- on the east o>ast ««f North America, we find the dicoty- 
ledonous forms at or near sea-Ievel in the Raritan group in the 
perii«d following the baseleveling of the Piedmont plateau. 

Re« .%riTlLATloS. 

To sum up the faunai history of the Mesoxoic alone, we 
have Seen that j^nr,' j*of^H with the creation of broad lowlands 
there was bnnighi on to the stage a remarkable production of 
reptiles, a oharai'teristio lowland life: and we note that the 
humble mammalia were excluded fn*m the peneplain or held 
baok in their developnjeni, s»» far as we kn«»w them bv actual 
remains, during this oorxviiti ■»r. ^f a:Tairs until the very high- 
est l,'reiAoe<>us. At the o'ose of ihe Mes^'ioic. the area of the 
jH-riep'.air. was uplifieti and ihrre rame into it the new life. 
N"i r«i>ly ihi- i-har.jr^i irt-ographio C'»nditions. but the better 
niied rja:!i:ria':ia a*.s-' werr pr'»bab".y fact4»rs in exterminating 
the life of :ht- jH r.ep';.:ri. Ii w.»uld be more satisfactory if we 
o •.;*d ir^f.trihrr in tht- vvrrr'sii-T. than t«»p->int out the bare 
•• rrrsi^'riiitT.ots \:\ ^^T^ZLiy* arid ge-'graphic development 
w:.:.»i. <<nr.: i . iv rrl:*tK^i > • ol -se'v :r. lime. In tracing these 
rr.nirvi -:.:*• ,;:^< .*«::*:.:;: ins :.-.-• ><ir:!v been called awav 
:": ■-:. :::.? ;nr:-:»:>< t ;.;t .y o ■^- : : r.ie.^ri'i of dis|)ersing and 
r^ vlifyir.^ .::\ . Fht tt \^ t rt ::.:::> r -us ^'hanges of level and 
- ."J..-*:- w ;.:•'. :<!uitii : ■ : ;:t .:v ^^^r.v; ;v ri::*p< l*H»allvto nullifv 
::.: xf.K •: : :: r wv::.:.tr iTc ■^7.%^'-.:'' K-.-nditions of the Middle 
Mrs : ■:.* : ^■..: :t:;tr .^atr.::: '.!.;: n.. ihvse. it still seems fair to 
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draw the conclusion that the peneplain gave the reptilian 
claes an advantage over the marsupials and as jet lowly or- 
ganized mammalia of higher types. This may have retarded 
for a time the mammalia in their conquest of the lauds. 
Without the occurrence of the conditions which produced the 
broad peneplain, the ongoing of the mammals might have 
been more quickly accomplished, but on what lines? 
Extension of the Inquiry to other Cycles of Denudation. 

If we admit the principle which I have endeavored to derive 
from the history of the reptilian group in Mesozoic times, we 
ought to be able to apply it to other fields in other times. 
The great unconformities which occur in the Paleozoic and in 
the earlier terranes of the Algonkian are, at least in part, ge- 
netically peneplains. Unfortunately our knowledge of land 
life prior to the Carboniferous is exceedingly meager. It is 
only when the processes that formed the peneplain have 
ceased to act upon it, through the incursion of the sea or the 
warping of its surface to form lakes, that the records of ter- 
restrial life are embossed upon these monuments of erosion. 

In the Carboniferous period there is reason to believe that 
land life was strongly influenced by geographic conditions 
peculiar to that remarkable epoch. There were lowlands with 
swamps and jungles ad libitum, and these were tenanted by 
the precursors of the reptiles of the Mesozoic, the early am- 
phibians; but the lowlands of this period which are preserved 
to us were submarine platforms built up to the baselevel of 
niet^joric erosion, rather than old lands worn down to that level. 

Prior to the Carboniferous and probably also to the later 
Devonian epochs, a baselevel of erosion was worked out in the 
highlands of Scotland.* The Old Red sandstone lies almost 
horizontally on this ancient floor. But though we know mgch 
concerning the flora and fishes of the Devonian, and a little 
regarding its insects, there is not enough well known toafl'ord 
a satisfactory correlation of the kind we seek to make. It is 
interesting to note in the Old Red sandstone another case of 
apparently freshwater or lake bedsf resting upon what aj)- 

' ♦Sir Arch. (J«'iki»\ Sroin'ry of Scotlantl, s»'c<»n<l t*(l., J^ondon, 18S7, \t- 
Vi7, ♦'I soq. 

fConsult Sir A. (\ KHmsjiy. ••On the K«*(l Rocks of Kiij^laiul of older 
«lHte than lh«? Trias," Quart. .lour. (iool. S<»c., London, vol. xxvii. pp. 
:i41-2.')0: Sir Arch, (n'ikif. Text-book of (ieolo^y, second ed., 188.'). p. 
711: and I. C Russell. Bulletin .■)2, V. S. (ieol. Silrvf'v. p. 47 et se<|. 
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pears to be an ancient peneplain, suggesting, as before noted, 
a confirmation of the lijpothesis of meteoric denudation, fol- 
lowed by warping of the earth's surface. 

Of the still greater unconformities in the Algonkian, the 
vast period anterior to the Cambrian and succeeding the now 
reconstructed Archean, nothing can be said. 

Comparison of Baselkveling with Glaoiation and 

SrRMERGKNCE. 

It remains to compare the action of the conjoined condi- 
tions which permit the formation of a peneplain with the 
etfects produced on organic life by glacial periods on the one 
hand and by extensive oscillations of the land with reference 
to the sea, on the other. 

Croll* and Darwin f have amply considered the effects of 
glacial periods. Ice-sheets are potent in compelling rapid 
migrations, the crowding of indigenous and immigrant spe- 
cies within narrow limits in the extraglacial territory, and in 
causing the annihilation of the forms which cannot escape. 
When the ice disappears, an unoccupied and mostly deforested 
field is open for all comers. 

The etfects of submergence and elevation of the land have 
been elaborated by Sir Charles Lyell in his "Principles of Ge- 
ology.'' Submergence drowns out the land forms, or causes 
them to migrate; and baseleveling by marine erosion accom- 
plishes the same result, so far as it goes. 

Baseleveling by stream erosion differs from both submerg- 
ence and glaciation in keeping the field open for the occupa- 
tion by organisms and for those changes which are promoted 
by the ordinary^ adjustments between species. It induces 
change through the tendency to lower and broaden the area 
of lands. As this baseleveling advances in a region, the like- 
lihood of submergence increases, since, the coast being lower, 
a less depression will cause the sea to flow far inland; it de- 
creases the chance of glaciation, for, the land being lower, the 
surface is farther removed from the snow line. 

Periods of baseleveling are characterized by relative stabil- 

*()ii (ieolo^'ical Tim«*. Part III. In(|iiiry into thf etft»cts of IcpIxtjts. 
Inl<'r^lacial IVriods. hIc. Philosophical Majra/.ine, Nov.. 18(>8. 

fOrijjrin of Species, oh. xii. 
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ity, periods of glaciation, bj relative instability, of the land 
with reference to the sea. 

Baseleveling of itself is not destructive to land life; both 
glaciation and marine invasion are sterilizing in their effects. 

The theory of the subagrial origin of plains of denudation 
helps our conception of the conditions which have favored the 
continuity of land life on the earth ; the theory of marine de- 
nudation compels us to adopt for the same time and place the 
conclusion that land life was driven out. The former,' newer 
view is in accord with the fact that the fauna and flora of a 
country is more closely related to antecedent fossil forms 
than to exotic life ; it is also consistent with the theory that 
the existing continents have long stood as dry lands, though 
temporarily invaded by the sea. 
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Baseleveling of the Cretaceous northwestern plains dur- 
ing THE Tertiary era. 
From the valleys of the Mississippi and Minnesota rivers, 
the Red river of the North, and lake Winnipeg, a broad area 
of plains ascends gradually westward to the foot of the front 
ranges of the Roeky mountains. The first ascent from the 
Minnesota and Red river valleys and from the flat country en- 
closing lakes Winnipeg, Manitoba and Winnipegosis is mainly 
by an abrupt escarpment, eroded in the Cretaceous strata 

♦Read before the Geological Societv of America at the Brooklvn meet- 
ing, Aug. 15. 1894. 
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forming the eatitern hiirder of the p]ain8. The altitude of 
these valleys and of the Manitoba lake region ranges from 1,- 
000 to Ihi) feet abf>ve the sea: and the escarpment, which, ae 
viewed from the lowlands on the east, is named in its succes- 
sive portioned from south to north the f*oteau des Prairies, the 
Pembina. Riding, and Duck mountains, and the Porcupine and 
Pasquia hills or mountains, rises from 200 or 300 feet to 1,000 
feet within a few miles, its crest being mostly 1,500 to 2.000 
feet above the sea level. Thence westward the expanse of the 
plains, broken here and there by enKled valleys and tracts of 
sometimes very irregular denudation, has nevertheless for the 
greater part a very uniform nearly flat or moderately rolling 
surface, which rise« on the average four or five feet per mile, 
to a hight somewhat exceeding 4,000 f€»et above the sea at the 
foot of the K(K*kv mountains in Montana and Alberta on the 
opposite sides of the Tnited States and Canadian international 
boundary. 

The geologic strata of this northern portion of the great 
plains are the T)akf>ta. Colorado, Montana and Laramie for- 
mations of late Cretaceous age, whose deposition took place 
during the closing \mvX of the Secondary or Mesozoic era. 
Southward, in the Tnited States, the plains comprise exten- 
sive deposits of Tertiary lacustrine beds, representing the 
continuation of the brackish water and finally lacustrine con- 
ditions which prevailed over large areas of the plains dtiring 
the Laramie period; but in the northern region considered by 
this j)aper no Tertiary beds are found. Since the beginning 
of the Tertiary era this region has been a land surface under- 
going denudation. When its marine and lacustrine deposits 
were first raised to be dry land they had a monotonously flat 
surface. A very long cycle of baseleveling ensued, beginning 
as soon as this northern part of the plains was uplifted at the 
end of Cretaceous time and continuing nearly or quite to the 
end of the Tertiary era. During this time the surface was 
gradually lowered by the action of rains, rills, rivulets, creeks 
and rivers, until it was mostly reduced to a baselevel of sub- 
aerial erosion. 

AkKAL AM) VKKTKAL KXTKNT OF THIS BaSELKVELING. 

Across an area Tuo or NOO niile^^ wide from c»ast to west on 
the intcrnatii>nal boiiiulary, antl of much greater extent from 
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south to north, the processes of baseleveling were at work 
through the vast duration of Tertiary time, cutting down the 
plains far below their original surface. But here and there 
isolated areas of hills and even mountains remain, consisting 
of remnants of the horizontal Cretaceous strata which else- 
where have suffered erosion. 

The most noteworthy eastern highland area of this kind is 
the Turtle mountain, lying in the north edge of North Da- 
kota and the south edge of Manitoba, its extent on the inter- 
national boundary being about 40 miles, with two-thirds as 
great width. This high tract, diversified by many subordi- 
nate hills and short ridges, 50 to 800 feet above adjoining 
depressions, rises with a massive general form suggesting, as 
seen from some distant points of view, the rounded back of a 
turtle; but as seen from the south or north, its many hills 
and buttes present a serrated outline. Its altitude above the 
surrounding country is 300 to 800 feet, the summits of its 
highest hills being about 2,500 feet above the sea. Beneath a 
veneering of glacial drift, which is in large part raorainic and 
generally strown with many boulders, averaging perhaps 50 
to 75 feet in thickness. Turtle mountain consists of nearly 
horizontall}' bedded Laramie strata, chiefly shales, with very 
thin seams of lignite. At or below the base of this highland, 
the freshwater Laramie formation rests on the marine series, 
which comprises the Fox Hills sandstone and Fort Pierre 
shales, the two great shale formations being separated by a 
sandstone stratum which outcrops in North Dakota on Ox 
c-reek and Willow river and on the Souris river between Minot 
and its most southern bend. A thickness of not less than 500 
to 1,000 feet of the Laramie and Montana (Fox Hills and 
Fort Pierre) strata has been carried away from the surround- 
ing eastern part of the plains. 

Westward the depth of the Tertiary baseleveling was 
greater. Around the High wood and (-razy mountains, in 
central Montana, according to Prof. W\ M. Davis* and Dr. J. 
K. Wolff,t the erosion of the plains has a vertical extent of 
8,(>(j0 to 5,000 feet. Perhaps the most striking evidence of 

♦Miiiinjr lndustri»»s of th«* Unil»*d Slatos, Tfiith (Vnsns, vol. xv, pp 
TlO, 73 <, <4.). 

f Hiillrtin, (Jfol. Socit'ty of Ami'rica, vol. in, 1M»2. pp. 41.V4.Vi. 
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this great erosion is afforded by the range of the Crazy moun- 
tains, which lies immediately north of the Yellowstone river, 
near Livingston, and is conspicuously seen from the Northern 
Pacific railroad. These mountains trend slightly west of 
north, and extend about 40 miles with a width of 15 miles, 
attaining an elevation of 11,178 feet above the sea, and 5,0(K) 
to 6,000 feet above the prairies at their base. Their structure 
has been thoroughly studied by Wolif, who finds that they 
consist of late (-retaceous strata, soft sandstones, nearly hor- 
izontal in stratification, intersected by a network of eruptive 
dikes. The more enduring igneous rocks have preserved this 
range, while an average denudation of not less than one mile 
in vertical amount reduced all the adjoining region to a base- 
level of erosion. The Highwood mountains, about 25 miles 
east of Great Falls, having a hight of 7,600 feet above the sea 
or about 3,500 feet above their base, are described by Davis at^ 
displaying the same structure and therefore similarly testify- 
ing of great denudation. 

The uplift at the beginning of the Tertiary era appears to 
have raised this portion of the plains to a hight above the sea 
as great as the vertical extent of their Tertiary erosion, that 
is, to a hight of at least 1,000 to 5,000 feet, increasing from 
east to west. Toward the end of this era the baseleveling 
had reduced the country mostly to a plain which was proba- 
bly onl}^ a few hundred feet above the sea, lying much below 
its present altitude. 

Renewed F^levatk^n and partial Baseleveling at the close 
OK THE Tertiary and i>i:ring the early part of the Qi'a- 

TENARY ERA. 

Between the general Tertiary cycle of baseleveling and the 
Glacial period, there intervened a second great epeirogenic 
uplift, as shown by a return of the conditions of vigorous 
stream erosion and a new cycle of partial baseleveling, by 
which wide flat valleys were cut in the east<?rn part of these 
Cretaceous plains. In Manitoba the northeastern border of 
the formerly baseleveled expanse was removed, the Creta- 
ceous beds being eroded to the underlying Archean and Pa- 
leozoic rocks upon a large area bounded on the west by the 
escarpment before mentioned as now forming the eastern 
limit of the plains. 
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The duration of the earlier baseleveling apparently coin- 
cided, as to both beginning and end, with the Tertiary or 
Somerville cycle of partial baseleveling which Davis and 
Wood have studied in Pennsylvania and northern New Jersey 
and believe to have affected a large area of the other eastern 
states.* The termination of the denudation forming the 
western plains, and their uplift to undergo the erosion of the 
Red river valley and of the present Assiniboineand Saskatch- 
ewan valleys, were probably also contemporaneous with the 
great epeirogenic movement which in California, according to 
Mr. J. S. Diller, ended a long cycle of baseleveling that had 
extended through the whole of Cretaceous and Tertiary time, 
and raised a part of that baseleveled district at the beginning 
of the Quaternary era to form the lofty Sierra Nevada. f 
Again, the same record of long continued baseleveling, fol- 
lowed by uplift and a new cycle of rapid valley-erosion, is 
found by Powell J and Dutton§ in the plateaus and Grand 
canyon of the Colorado. The broad denudation above these 
plateaus, when compared with the studies thus noted in other 
regions, and with the total erosion of the canyon seems to have 
required not only the Eocene and Miocene periods, but also 
most of the Pliocene; for the ratio of the denudation to the 
canyon-cutting must be nearly or quite as great as that between 
the duration of the entire Tertiary era and the comparatively 
short time since its close. Instead of referring the division 
of these parts of the history of the Grand Canyon district to 
the beginning of the Pliocene, as was done provisionally by 
Dutton, it may therefore mark the final stage of the Pliocene 
period and the inauguration of the Quaternary era. In the 
southern and eastern United States, according to McGee, a 
similar great uplift of the land, with very extensive erosion, 

♦Proceed! nji^s, B<>ston Societj' of NHlural History, vol. xxiv. 1889, ])|>. 
3(V.5~I23. National Geographic Magazine, vol. i. 1881). pp. 183-253: vol. 
II. 1890, pp. 81-110. 

fU. S. Geol. Survey, Eighth Annual Re|K)rt, for 1886-'87, pp. 428-482. 
Journal of Geology, vol. ii, pp. 32-54, .Ian. -Feb., 1894. Compare also 
articles by Prof. Joseph Le Conte. Am. .lour. Sci., Ill, vol. xix, pp. 17H- 
190. March, 1880; vol. xxxii, pp. 107-181. Sept., 1880: vol. x.xxviii, pp. 
257-263, Oct., 1889. 

^Exploration of the Colorado River of the West, 1875. Geology of the 
eastern portion of the Uinta Mountains, 1870. 

§U. 8. Geol. Survev, Monograph ii. "Tertiarv Historv of the Grand 
Canon District." 1882. 
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intervened betwt^n ihe de[K**sition«.if the Lafayette formation 
and the Ire a^: and. in a recent paper before Xh\9 Societj. I 
have #hi»wn that th«- siiecessive Lafayette epochs of deposition 
and i'r<^it»n are als4i re«-«ignizable in thi» more northern area 
drained principally hy the NelH»n river.* 

Oki<;in «»k the Rei» rivek valley am» mc Maisftoba estari*- 

MENT Rl THI> LATER ERl>SIOX. 

Ka<it from the fiM»t f>f the Pembina. Riding, and Duck moun- 
tains and the hill< farther ni»rth. together called the Manitoba 
es5*«arpmeni by Mr. .1. B. Tyrrell, nf the Canadian Geological 
Survey. < *reta«*ei»us stnita have not btren found* ^4^ far as I 
havf It-arned. in Manitoba, ntir in the region north and north- 
e»«st fri>iu lake Winnipeg to Hudson bay. It seems^ quite cer- 
tain, however, that < rr tart- ous be<U continuoutc from this es- 
carpment extrndetl t-astwaird at the end •if the Tertiary base- 
Ifveling <«» far as to r«»ver tht* ar^-a «»f lake Winnipeg. As 
Hind and Daws^in havt- wrll pointeii liUt.it was by the erosion 
of ihr ea^tf rn |^»rtion ••f thes*- Inrds. nfter the great vrestern 
expans** «if ihf plains had rrcrivtii nearly its present form, 
that this -itt-t-p t-i^'arpmrnl was pnnluced.^ At the time of 
up'ifiing of thi- plains nt-ar the k»rginning of the ijuaternary 
t-ra, this great Ktst-levrlt-il rrgion ap|>ears to have stretched 
fn»m ihf KvK'kv m*»untains t«» thr Archean hills on the eastern 
K»r\ier ''f thr art-a of the lait-r glacial lake Agassiz. The east 
margin of the soft rrelact-o«js strata was then anew subjected 
t*» rapid rn>si«>n. wi'h thr result that it was almi^t whoUv 
Worn away t»» ihv rt«»«.r «>f the Archean gneiss and granite and 
P»'.r»*/oio IiiiifStt»nts ui^.r. a width of lia* miles or more and 
ti^a drpth wrsiwarvi .»f ;^«^ to lj«m feet as shown by the bight 
• »f ihr IVmbina iiK^;i*itain and Manitoba escarpment. 

In MinneSt^a and North iHikota the flat Red river vallev 
plain, averaging -V* miles widr. with a depth of ±W to 500 
frr-t iy'.ow the otiuniry on rach sidr. and extending more than 
i»«» jtiiirs from <.»i:th t» ii«»rt^. oi^ringinio the Manitoba lake 
art a. :ip|vars a!s«« !•» f.iivr Ker: rr'nie^l at the same time. The 

•H > H ■ :. K- • \v^ • S ■ r a:.*; Sa>kaU''h*'Van Kx|k)i»rini: 

K\ — \ . V - •• *n\» : ' :•;> >4«. N.\-rTi::\»- *-f th»- i'anailian K\- 

- .: > v.-l V : . . >*i . ::. ; .. 4.>. Vv ami :iirv u, M. 

>..'*> •- J. ..' , K ^ - ^ ' • - K T'\-''i.i\\ ParalVI. InT.V pp. 
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conspicuous Pembina mountain escarpment of Cretaceous 
shales, overspread by drift, on the west side of this valley, 
deep wells penetrating through the drift to Cretaceous beds 
and older strata along thelow valley plain, and the topograph- 
ic features of the land rising eastward from it with nearly the 
same rate of ascent as (m the west, lead to the belief that 
the eastern like the western border of this wide valley is 
formed by an escarpment of Cretaceous shales beneath the 
drift. The baseleveled plain of the Tertiary era has been 
broadly and deeply channeled during a later time of high 
continental uplift, contemporaneously with the erosion of 
canyons in the western and southwestern United States, and 
with the excavation of the lower Mississippi valley, of the 
Delaware and Chesapeake bays, and of other estuaries on our 
t*outhern Atlantic coast. 

Ol'TLYlNG REMNANTS OF CrETACEOUS FORMATIONS EAST OF THE 

Manitoba and Pembina escarpment. 

Although no Cretaceous beds have been reported on the 
north side of the international boundary east of the Manitoba 
escarpment, it may be expected that their remnants will yet be 
found in central and eastern Manitoba.* Southward in central 
and southern Minnesota, frequent Cretaceous outcrops are 
known, and in numerous places deep wells, after passing 
through the thick covering of glacial drift, encounter Creta- 
ceous shales and sandstone, which in some instances are found 
to reach to a thickness of several hundred feet. Further evi- 
dence of the eastward extent of Cretaceous formations in this 
state is afforded in its northern part by Mr. H. V. Winchell's 
discovery of Cretaceous shales in place on the Little fork of 
the Rainy river* and on the high Mesabi iron range. f Lignite 
fragments, probably derived from the erosion of Cretaceous 
strata, are also occasionally found in the glacial drift upon 
the country south of the Lake of the Woods and between 
Rainy lake and Vermilion lake. Next beneath the drift, a 
considerable depth of Cretaceous beds probably still exists 
upon the greater part of the western two-thirds of Minnesota. 

*(if»()l. and Nal. Hist. Survcv of MiniK'sota. Sixtct'iith Annual Kt*iM)rt. 
for 1887, pp. 40:{-9, 431, 434. 

+Am. (Jeolooist. vol. XII, i»i>. ^'iO-'i^'J. Oct., 18»:]. 
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Concerning their eastern limits, Prof. N. H. Winehell, the 

state geologist, writes : 

A liiH» drawn fnim Ihc w*'st tMnl of Hunlors' island, on th»* Canadian 
boundary lino, southward to Minnea|)oliK, and thence aouiheastwardly 
through IW'heKter to the Iowa state line, would, in general, seiwrate 
that part of the state in which the Cretaceous is not'known to exist fri»m 
that in which it d(M*s. It is not her*' intended to convey the idea that 
the whole state west of this line is spn'ad over with the Cr»*taceous, Ik»- 
cause there are many places where the drift lies directly on the Silurian 
or earlier rocks: but throughout this jmrt of the state the Cretaceous 
exists at least in patches, and iH»rhaps once extended coniinuously.* 

Tc»poGKAi»ni(: FEATrREs of Minnesota and Manitoba dce to 

THESE Cycles of Baseleveling. 

Cretaceous deposits originally overspread all of Minnesota 
and Manitoba, excepting possibly portions of their eastern 
borders. The long Tertiary cycle of baseleveling greatly re- 
duced the thickness of these beds, but their part remaining at 
the end of the Tertiary era appears to have still formed a 
general envelope, with mostly a nearly level surf ace, above the 
older rocks for a distance of 100 to 200 miles eastward from 
the Manitoba escarpment, the Pembina mountain and the Co- 
teau des Prairies. Occasional tracts of hills, as the Turtle 
mountain, (ir a great highland ridge, as the Coteau des Prai- 
ries,f rose 500 feet or more above the general level. 

With the ensuing epeirogenic uplift which marked the 
transition fnmi the Tertiary to the Quaternary era, the 
streams again began a vigorous work of erosion. The broad 
Red river valley, with its enclosing escarpments, and the low 
lake district of Manitoba, with the great escarpment on the 
west, then were sculptured to nearly their present forms. 

In various parts of Minnesota, as Langhei and the vicinity 
of Glenwood in Pope (?(»unty,J conspicuous highland tracts 
and the depressions occupied by lakes seem attributable to the 
contour of the Cretaceous beds beneath a somewhat uniform 
mantle of tlie glacial drift. Another district of similar fea- 
tures is tiie neighborhood of Pokegania lake on the upper 
Mississippi and all the country thence westward to lake 
Itasca. 1'he Pokegama lake, with its irregular arms, proba- 

*Hull«Miiis of the Miniwsoia A('a<lemy of Natural Sciences, vol. r, p. 
\\\H. Compare alst) (irolojiy of Miimesota, Final Rei)ort, vols, i and ir, 

f(ir<)l()«ry (»f Minii«'S<)ta, vol. i. 1HS4, pp. T^\Y.^, ($01, etc. 

jlhid., vol. 11, 1HS8, p. AWZ. 
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biy fills the hollows due to the valleys of a preglaeial river 
and its tributaries, not wholly concealed by the overlying 
drift. Within a few miles southwestward, a ridge several 
miles long and about 800 feet above thelake, singularly prom- 
inent in contrast with the surrounding moderately undulating 
or somewhat hilly surface, is reported by Prof. G. E. Culver, 
in his exploration of that district for the Minnesota Geologi- 
cal Survey, tr> consist probably of Cretaceous shales beneath a 
deposit of till which has partly a smooth surface but on the 
northern slope presents a profusion of morainic knolls and 
hillocks. In a third and larger area, north and northwest of 
Red lake, where an extensive island arose above the highest 
stage of lake Agassi z, the grand topographic features seem 
likewise due to the prominence of the Cretaceous beds, there 
deeply drift-covered.* 

In North Dakota and Manit4)ba, west of the Cretaceous es- 
carpment, hills and buttes of the Cretaceous shales, thinly 
covered by drift, occur rarely along the Sheyenne river; in 
the vicinity of Devil's lake, one of especial prominence being 
the Big butte, about ten miles west-northwest of this lake; 
and near the Pembina river, where Star mound and Pilot 
mound in Manitoba are examples. Proceeding farther west- 
ward, and especially northwestward in Assiniboia, such com- 
paratively small hills, besides also large hilly tracts similar t(> 
the Turtle mountain, are found more frequent. 
Direction of the Tertiary and early Qiaternary drainacje. 

The early Quaternary epeirogcnic uplift causing the erosion 
and baselcveling of the Red river valley and Manitoba lake 
district must evidently have occupied a long period as meas- 
ured by thousands of years. Its duration may well have been 
coextensive with the Lafayette period, embracing the deposi- 
tion and erosion of the Lafayette formation, which in my 
previous paper already cited I estimate to have comprised to- 
gether some 60,000 to 120,000 years.f During this period the 
drainage from the entire area of the present Nelson river basin 
probably passed, nearly as now, toward the north and north- 
east. With the greater continental altitude of that time a 
river system much longer than that of the Nelson and its feed- 

•Am. (Ieolo<ji.st, vol. xi, pp. 42ti-r3r), .luno, IHJKJ. 
-fHulhMin. Gt.H)l. S»)ci<>ty of Ami'rifa, v<il. v. pp. 1)7, 1M>. 
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ing streams, the Rainy and Winnipeg, Red and 8askat4.*hewan 
rivers, flowed northeasterly through a vast nearly flat plain 
and thence eastward along a great valley bounded by high- 
lands, where now we have the Hudson bay and strait. 

The drift-covered Cretaceous highland tract called the Co- 
teau des Prairies, terminating at the north, about twenty-five 
miles west of lake Traverse, in a bold headland, surrounded 
on all sides excepting the south by a nearly level expanse 800 
feet lower and about 1,200 feet above the sea, appears to have 
stood, during both the Tertiary and Quaternary cycles of 
baseleveling, in the angles between confluent streams which 
flowed to the n(»rth. Both the Tertiary and early Quaternary 
rivers from this part of the continent probably had their 
mouths on or south of the area of Davis strait; for the ab- 
sence (»f marine Tertiary formations from the coasts of the 
northern half of North America testifies to their having held 
a greater altitude throughout that era than now. 

Relationship of the later Baseleveling to the Ice age. 

Flowing so great distances before reaching the sea, the riv- 
ers of both these cycles of baseleveling may have denuded, 
their areas of drainage, during the first cycle very completely 
and during the second partially, to broad plains, while yet ther^ 
altitude of the Manitoba lake region equalled or exceedeA 
that of the present time. Lake Winnipeg is 710 feet and lake- 
Manitoba 809 feet above the sea. Newly uplifted as a highB 
plateau during the early portion of the Quaternary era, thie^ 
north part of the continent, rising probably somewhat fasteir 
in the Arctic region than farther south, may have continued 
to present favorable conditions for the baseleveling of th*? 
Red river valley and the district of the great Manitoba lake^ 
until the mean altitude of the area which became covered hy 
the North American ice-sheet and its drift was 3,000 to 5,000 
feet higher than now, as indicated by the fjords and subma- 
rine valleys of our northern Atlantic, Arctic, and northern 
Pacific ccmsts. The culmination of this uplift appears to have 
brought so cold and snow}' clinuite that a vast sheet of snow 
and ice was gradually accumulated, under whose weight the 
land finally sank mostly somewhat below its present hight. 
causing the ice-sheet to be melted away, with deposition of 
its glacial and modified drift. 
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Comparative Estimates of the Amount of Erosion in this re- 
<;ioN DURING Tertiary time, and DiRiNCi the Lafayette, 
Glacial, and Recent periods of Quaternary time. 
Along the distance of about 800 miles from the Lake of the 
'*Voods west upon the international boundary to the Rocky 
mountains, the depth of the Tertiary denudation ranged from 
500 feet to 3,000 feet or more. Its average amount may there- 
fore be estimated as 1,500 to 2,000 feet, or about a third of a 
mile, so that the cross-section of the strata removed along this 
line would be represented approximately by 267 square mi lesf. 
During the early Quaternary or Lafayette period of re- 
newed epeirogenic elevation, the denudation on a width of 
about 100 miles, extending across the Red river valley to the 
Pembina mountain, ranged probably from 100 feet or less to 
400 or 500 feet, with increase from east to west, and its aver- 
age was apparently as much as 250 feet, giving a cross-sec- 
tion approximately equivalent to five square miles. On the 
area of the plains, for the 700 miles from the Pembina escarp- 
ment to the mountains, the contemporaneous erosion may be 
estimated to average 25 feet in depth, givingabout two and a 
half square miles as the measure of its vertical section. 

The material eroded during these baseleveling cycles was 
borne far away into the North Atlantic ocean ; but the erosion 
effected by the ice-sheet in the Glacial period subtracted 
nothing from the land surface as a whole. The ice-sheet sim- 
ply wore off the superficial beds of preglacial alluvium and 
residuary clay and portions of the bed-rocks over which it 
was amassed, bore these commingled materials onward with its 
motion, and deposited them at various distances southward 
from their preglacial sources. In this process many small 
hillocks and tower-like masses of the Cretaceous and older 
srrata, similar t^) the fantastically eroded hills, plateaus, and 
pinnacles of the driftless area in Wisconsin, were worn down 
and leveled by the overriding ice, and the deep valleys of 
preglacial erosion were partially or wholly filled with the gla- 
cial drift. The mean thickness of the drift along these 800 
Tiiles of the international boundary may probably be about 50 
feet, its maximum thickness, which is deposited in the Red 
fiver valley, being 150 to 300 feet. Taking its average as 50 
Teet on an extent of 800 miles, the vertical section of the gla- 
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cial erosion and deposition will be represented bj about eight 
square miles. 

During the geologically short Postglacial or Recent period, 
which has been shown by the independent but well agreeing 
observations and measurements of N. H. Winehell, Gilbert, 
Andrews, Wright, and many others, to have comprised only 
some 6,000 to 10,000 3'ears, the material eroded here has been 
again undergoing transportation to the sea or to the Manitoba 
lakes or lower portions of the great avenues of drainage. In 
this period the amount eroded from the surface along these 
800 miles probably has not averaged more than two or three 
feet, its total section therefore being represented by about 
two-fifths of a square mile. 

These approximate measures of the denudation along the 
international boundary during the successive divisions of time 
since the Cretaceous period seem consistent with the estimates 
presented in my former paper, that the duration of the Terti- 
ary era was probably between two and four million years: of 
the Lafayette period, between 60,0(H)and 120,000 years; of the 
Glacial period, perhaps 20,000 to 80,000 years ; and of the 
Recent period, between 6,000 and 10,000 years. 



INTERRUPTION DURING THE DEPOSITION OF 
THE BURLINGTON LIMESTONES. 

Bv Fkan( is M. Fri.TZ. Burlin8:ton. Iowa. 

The lithologieal characters of the different strata of the 
Burlington limestones are (|uite generally the same. Even the 
upper division does not differ materially from the lower. Of 
course some of the layers are more compact than others, a few 
even being massive and crystalline enough to resemble mar- 
ble. Yet whether niassiv(* or not they have a common origin. 
They are all crinoidal. With the exception of a very few lay- 
ers you could scarcelv find a cubic inch of rock that does not 
plainly show its crinoidal origin. Between the beds of lime- 
stone an? found a few layers of shales, clays, etc., but they 
form hut a comparatively small part of the whole. 

It has generally been conceded that the deposition of the 
whole Lower Carboniferous group in southeastern Iowa was 
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uninterrupted. I quote from White, Geology of Iowa, 1870, 
Vol. I, page 202 : "The accumulation of the strata of the sub- 
Carboniferous group in southeastern Iowa, from the Lower 
Burlington limestone to the St. Louis limestone inclusive, was 
evidently uninterrupted." And this seems to have been the 
generally accepted belief. I question the truth of the state- 
ment and think evidence can be furnished to show that there 
were disturbances aud cessations of deposit within the pe- 
riod indiciKted. It is quite probable that there was some dis- 
turbance at the close of each of the subdivisions; but the 
instance I shall bring forward occurs well within the limits 
of one of them. 

Evidence of disturbance and cessation of deposit is three- 
fold, viz. : more or less abrupt changes in fossil forms, change 
in lithologioal characters, and erosion with consequent uncon- 
formity. At present I shall confine myself exclusively to the 
last mentioned evidence, although elsewhere* I have given my 
views on each of the three and discussed their bearing on 
each other. 

Almost everywhere in the vicinity of Burlington, where the 
upper division of the Burlington limestone is exposed, there 
occurs, somewhat below the middle, a stratum of heavy bed- 
ded white limestone about 6 ft. in thickness. Generally un- 
derlying this there is either a thin stratum of blue clay or 
a yellow sandy limerock. Immediately overlying there is 
uniformly found a bed of tough blue shale. The abrupt 
change in the lithological character of the deposit, coupled 
"with a somewhat marked change in fossil forms, led me to 
believe that there must have been some disturbance and possi- 
bly a (Cessation of deposit. This belief was strengthened by 
the fact that the surface of the limestone at various places 
exhibited a somewhat water-worn appearance. 

In the southern part of the city limits of Burlington, at a 
locality known as "The ('ascade," there are several quarries 
in which nearly the whole depth of the Upper Burlington 
limestone is worked. The massive white layer spoken of fur- 
nishes a goodly part of the rock taken out. It was in one of 

*Piipor read at th«* m»'»'tiuir of th»* Inwa Acadi'mv of Scjimum', Drccm- 
bt»r 2« and 27, 1898. 
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tllest- quurrifS thnt 1 cniur ncriis^ l)ie tnoAl «*oni*li 

Tlie fjiia-iuli- rHviiu- is al».nit li»lf a mile in lenytli and va- 
t»T< llie Miiisi)isi|i|>i river at rifrht iinf;les. About one-fourth 
of « mile Itiick fniiM (he nioiitli iif itie ravine thefte quarries 
•HTiir. One "f tliem is iin the Miuth Itank and i^ ^Jtuuted -in 
both fiileTi of a <ih<>rl. I)nl (let-p lateral ravine, the biittom ni 
whieli is sevt'rni feet lower than tile ftratum of whitf Ijiue- 
stone. In wiirkint; olf the eiirner heiween the main and lat- 
eral ravines the uhito liuie^toiu- layer wa^ found to be mueli 
enxled lanil the bill" sh;ili:- wa" uniformly dep<tsited directly 
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had its origin at that time. The position of the eroded sur- 
face of the limestone and the inclination of the directly super- 
imposed strata both seem to indicate that the lateral ravine 
had its beginning at that early date. Of course the principal 
ravine must have existed to furnish an outlet. Along its 
banks the white limestone layer is not exposed, being covered 
with a heavy mantle of drift. In all the quarries worked at 
this point the upper strata show a decided dip towards the 
main ravine, which goes to confirm the theory as to the early 
origin of the drainage system. 

At other localities in this county 1 have noticed evidence of 
erosion, but in no case was it so pronounced as in the instance 
just given. I expect to find further evidence of disturbance 
Id the line of unconformity. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 

The JjOiNir Silurian hinwllibrtim'/tiattt of MinNCMotti. Hy K. O. ri.iucii. 
(Chapter VI of volume in of i1h» Final Ki»pt., (Jtn*!. aiui Nat. Hist. Siirv«'y 
of Mhin., pp. 47i>-«28, i>la(os:r)-42: .hini' KJ, ISIM.) Thf» strucMirp and 
HfBnities of llu* earlv PaUiHr/oic lam(>Hibrancl)s liavr btM^n but mpag»*rly 
exploited. The siu{M»nilous work of Barrandc upon tlios*' and later 
forms of tha liohemian Palwozoic has perhaps overwlielmtMl as niucli as 
• aided students of other Silurian faunas, and as far as |)ertains to the 
American species Mr. Vlrich has had a fair Held, a magnificent opi><>r- 
tiinity, and has acquitted himself admirably and with si<^nal credit to 
th« Geological Survey of Minnesota. 

After a few instructive introductory pajr«»s on the jreneral relations, 
nomenclature and preservation of these fossils, the author gives a scheme 
of classification for all PalH'ozoic genera (in which, however, we observe 
none of those intrcMluced by Freeh and Whidborne). Then follows the 
systematic part of the work, the principal innovations of which we 
brietiv notice. 

The familiar tsonus A /Hboni/r/ria, Hall, usually construed from the well 
known form -1. rndiata Hall, is here strictly limited to shells having the 
structure of the ty|H\ .-1. hdliMtrinta, that is, without lateral teeth or bvs- 
sal ojiening and with an interruil anterior lobe set otf by a thin vertical 
internal plate. 

Clionychiti, Ulrich (ty|H\ AmboHychia InnwlloHa Hall), is an elementary 
form without cardinal or lateral te«»th or the vertical j^Iate of Ambon y^ 
chitt. 
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ByHm^nyrhia, iiov. i\.\\yo, Ambimychiii rrtdiata Hall), i)fKS.Hi*SKes a byssal 
o|K'iiin^ Hnd both cardinal and lateral teoth. 

The \:c^*\\\\n ModutlitpMin, Hall, is carefully restricted and ilsclose peneric 
relation to the IK'vonian Mmfiomorjtha fx>inted out. 

Eurymya, nov., is fcuinded u|)on HalTs sf^ecicB ModiolopHi« plana, and 
is distinjfuished by its iM>sterior ala and striated li^amental an*a. 

Aetinoiuya^ changed in the errata to WMtetireniti, nov. (type, MitdititopMiM 
riiidnnatieuHiit Hall and Whitfield), bears surface radii, is without cardi- 
nal teeth, and has a short li^ainenlal |[^nM)ve on each side of the beak. 

ModutUxion, nov. (tyj»e, \f<tdutUtpinM oriformin V \t\q\\), issimilarto Mtrtfut- 
hptriii, but has cardinal teeth on each valve. 

(lolpomya, n<»v. (tyiK», C. ro n at n'ria now), has the external form of Mmli- 
olop^, but iH)Ssess<'s a .strong rostral t(X)th-llke proi'ess in each valve. 

AriMterdla, nov. (ty|M% A. uilidiiUi, nov.). Similar Xk\ Actinomya, except 
in its inequal valves. 

KndodfMmfi, nov. (tyiM', A', runmtum, nov.). These are ventricos** but 
edentulous shells with well defined lunule and extremely faint muscular 
scars. 

Pdlortpurha, nov. (ty|K'. P. fjrandin I'lrich). embraces elongate, com- 
pressed shells with edentulous hinge and linear ligamental gnM)ve. 

ProlobfUa, nov. (lyiw /-*. utri^itula, nov.). The author considers Con- 
rad's An'ruUi freuttiiienniii n member Of this new genus, but this is a 
sjM'cies which .lackson has placed among the probable memb«*rs of his 
genus WwrnbaptertH. the generic radicle of the aviculoids. 

WhitflUi. ririch (type W. nbliqtiata Ulrich); short, ventricose shells 
with prominent umbones, sharply defined escutcheon, and two to flvf 
oblicpie teeth in front of the beaks. 

Plethocardia. I'lrich (type. P. umbonata Ulrich): tumid shells with en- 
rolle<l beaks. "A strong and large process projects forward and down- 
ward from the underside of the hinge beneath the beak of each valve." 
and the shell bears a strong linear lateral tooth. 

f'ttuodoutu, Salter (a name which the author adopts in preference to 
Hall's earlier term TeUiiunuya), Is divided into six groups, designated not 
by subgeneric terms, but by the names of characteristic species. 

Allodf/tnift, ririch (type. yfodiolopxiM Mubrlliptirum Ulrich), is applied to 
small shells with anterior beaks, strong anterior adduct^>r scars mar- 
gined within by an elevated ridge, hinge with cardinal, iK)Sterior lat(»ral. 
but no anterior lateral t<M»tli. 

Rhytintyn, nov. (tyiw, H. productu, nov.), is regarded as a pholad and 
allied to PludadcUti, Ciinitaritt and AfloHMina. 

SajfordiH. nov. (type, S. renfraliM. nov.). Small shells similar to Onn/i- 
mytfia, with sharply defined lunule and very large external ligament 
gnK>ve. 

The total number of s|M*cies described is ViO, divided as follows: Atn- 
bitnychia 4, Cfiouycbia ^, BynMoityrhia 2, Afodiohpni^ 11, Kiirymyn 1. Arti- 
nowyn {W/tifcanMia)2. (hrlhvdeMuin •\, MndiolodoH 2. Colpomya \, Aruttrr- 
efh 1, KtidodeMina 5, Pm'lorofic/ia 1, Proiobella 1, Vyrtodonta 1(5, Vanuxemi4t 
15, Matlieria I. WhiteVa Vl^Plelhorardia^'i, Cteuodonfa 1^. CKdffjilwrttti % 
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Lyrodetinut H, Technophifrun 4» AUiHleMma 1, Rftytimya 1. Cuneamya 2, 
SphfUoHum 2, Stiff tyrdin Jl. 

Ono cannot but admire llu» astuteness of observation manifested 
throughout in the treatment of the subject-mutter, and appreciate the 
service rendered by the author toward a better comprehension of these 
fossils. The illustratitnis are in photo-engravinjr, but are eminently 
satisfactory. .'• M. c. 

The IroU'beitriny r(H:k¥ of the Me^abi Ranyr in MinneHota. \\y J. Kd- 
WAKD SiH'RK. pp. VIII, 2tt8, With 12 platcs and 22 Hj^ures in the text. 
(Bulletin No. 10, (ieol. and Nat. Hist. Survey of Minnesota, Minnea|X)Iis, 
181M.) This monograph is by far the most imiK)rtttnt contribution so far 
ma(h» to the geology (»f this recently discovered lake SuiK»rior iron on» dis- 
irict. The n»sult of only one year's work in the field and laboratory, it 
contains jv»me new facts bearing on the genesis of these iron ore de|Mis- 
its and many suggestive ideas applicable t<» iron ores in general. 

To the student of the ge<»logy of lake SuiK*rior iron ranges the most 
interesting iNirtion of the bulletin is that which gm's to prove that the 
original form of the iron ore was not a carbonate of lime and iron min- 
gled with more or less silica — the cherty carbonate of Irving and Van 
Hisf — but that It was a ferrous silicate and that the cherty carbonate 
is in all instances an alteration product fn)m this silicate and only 
one .stage in its change to the final form of o.xide of inm. 
Still more interesting is the suggestion that this ferrtms silicate was in 
all pn)bability the product of Foraminifera and existed as the mineral 
glauconite. Th«» chemical analysis and ix*tr(»graphical study of the iron- 
bearing rocks seem to harmonize in sui>|M)rt of this view, which, although 
not entirely original ai* an explanation for iiossible iron ore deposits, is 
yet n»*w in its application to any particular deposits of great extent and 
es|)ecially in rocks of such great geologic antiquity as those of the Me- 
sabi. It must be admitted that the demonstration will not be complete 
until the actual discovery of organic remains. Hut the author is i)er- 
haps deserving of so much the more credit for working out so strong a 
case before the discoverv has been made. 

The stratigraphy of the Mesabi is found to be substantially as given in 
the Twentieth annual report of the Minnesota Survey. Certain faults 
an* described in t hi' central iK)rtion of the range which had not been 
previously noticed and for the existence of which the evidence given 
d<H's not yet apiK'ar to be conclusive. The author argues that the on* 
dt*|M>sits have been produo-d ahmg lines of fracture and weakness, and 
because he finds ore (le|M>sits in acertain locality he straightway a.ssumes 
the presence of a fault plane there, and explains the accompanying ph**- 
nomena accordingly. 

The different phases of the iron-lK'aring rock and their transition 
from one to another are described with such elaborate fullness as to be 
rather confusing to any but a careful reader andstudentof the text: but 
it is in such full statements of the evidence that we find the basis for 
the conclusions drawn as to the original nature of the rocks. 
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rndiK' stri'ss st'<*ms to Im> laid ii|n>ii t1i<* idea that none of thf banding; 
of the taconvtt* is (hie to s«M]ini«Mitation. It is adinitt<Hl by the author 
that the rofkK w»*n* wMt»T-<h»iMisit«'<l — i*h«'mical and mochanical — and w 
would b«> i>\tn*m('lv surprising if all tin* bandin^r now so beautifully dis- 
play <><! in the ore and r«H*k alike were due to Si*condary S(*gre^ati<>u 
and none of it t«» th»' ori^riiiHl separation by s|>t>ciflc jrravity or the con- 
tingencies of sedimentation. 

Th«' siHH'imens rxamined b\ tin* author exhibited a smaller |ifrc«»n!- 
affe of fra^mental mat(*rial than wouhl be ex|i«'cled from a macroscopic 
examination. IndtM'd. it is ditticult to conceive that the taconyte with 
a thickness of H<X» feet <*an In* so completely <lu«* to chemical de|M»sitioii 
as our author would hav<* us Ix'lieve. 

Tin* ore df'|H>sits an* b«*lit*vt»d to owe tin'ir i*xist«'nce to chemical s»»lu- 
tiims which |H*rcolat«*d from the surface thiwiiwanl. The rules deduceil 
an* that in n*>rions of comparatively free oxidation chalyb<*ate waters 
de|M»sit iron ami remove silica: while in n*>;ions of scant oxidation silica 
isde|>osited an<l iron is carried awa\ in solution. The principal .solvents 
are Iwlieved to \va\v been oxygen and carlxinic acid, withsulphuric acid 
and alkalies as secondar\ reajrenl**. 

Plates \. \I and XII an* doubie-pnjre maps, showing the p*olov:y and 
to|M)^raphy of the central fMirtion of the Mesabi. The area m'cupied b\ 
the various nwk formations an<l the location of the ore Ixalies alreadx 
found are shj)wn jpiite accurately. Thes«* ma|Ks furnish th«*best ;ruides 
for futun* explorations that can be found, but the n*|K)rt it.si'lf is to«> 
technical to be i)!' use to the ordinary pros|)«*ctor. 

As a >feolo;rical studs of the raiiire. this re|H>rt is of the hi^ht*st value 
and reflects jfn*at eredit u|M)n its author. ii. v. w. 

77/r ttirktl or,M of Sudbury, Cmmdn. IK .Uhin 1). FrohhaK!>. pp. 01. 
<i«*o. Phili|i rind Son. London. \H\Y.\. Chiefly a compilation from van 
ous articles on the subject withtnit discrimination as to their «ulue and 
accuracy, this little book presents little new information. Its chief 
merit lies first in its practical <lata referring? to the averajfe cost of pn)- 
duclion an<l (pnilit\ of th<* ore at Sudbury. an<l second, in the fact that 
it is a sort of a little mono>;raph on nickel ores in general. It is a so 
us<»ful in »rivin«r references t«» the literature from which mon* detailed 
ami exact information nia\ be irained. H. v. w. 

Mini/If/ Roi/a/fitt(, thtir pntrfirii/ ojttnffiof) and effect. By (''n.\s. A. 
.l.\MKs. pp. :J77. Lonjfmaiis. tireen A: Co.. I^>ndon and New York, 18!>3. 
As stated in the prefa<'e. thjsessaN is bas«*d wholly <in th«» various vol- 
umes of evidence publlsheil bv the K<»val Commission <m Mininsr Roval- 
ties of (ireat BrllHin: and the r(»> allies referre<l to are chiefly tlios** paid 
tj> the owners «)r coal mines. The relation of the fee-owm»r to the lessee, 
that of royaitii's t«» strikes and wajres. and their I'fTect on com|x*tition 
with oilier countries. loL^eiiier with man\ kindred subjects, an* discusse<l 
from the Kn;rlish stamlp.iint. .Mlhnujrh not directly api)ertaintn)r to 
this country, the \«»liime is inlerestini: to the slu<h*nt of 1alx)r ({Uestions 
so far as ihe\ aifeci tin- miier. an<I irives a concise view of how such 
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<lii«*stions aro considt'red in England when* so muchmon* experience has 
been acqiiire<l than in America. if. v. w. 

On the Origin of certain Noracnlite^t and QuartziteM. liy Frank Rut- 
i.KY. (Quart. Jour. fJeol. Soc, vol. l, pp. ^77-302. pi. 11), Auj,'., 1804.) 
The author shows the fH)Ssibility of th»* derivation of some fine-grained 
quartziles and of the novaculites of Arkansas, so well known through 
Mr. L. S. if riswold's "Whetstones and Novaculites of Arkansas,*' from 
limestones by siliceous rei>lacement. The irregular and rhomb-shaped 
cavities in these rocks represent crystals of a rhombohedral carbonate, 
probably dolomite, and Mr. Ilutley regards them as the remains of part 
of the original rock, in this case the replacement of the carbonate by 
t|Uartz b«Mng not entirely completed. This e.xplanation of the original 
nature of thenovaculite differs from that of Mr. Uriswold, who regards 
the quart/ as original. The same or similar apparent replacements of 
limestone by cpiart/ are seen in other rocks, often of coarser grain than 
the novaculites. Mr. Ilutley thinks that it is needful tosejmrate the rocks 
t**rmed quart/ites into two groups, including in the one indurated sand- 
stones or true quart/ites ("detrital quart/ites"). and in the other the 
siliceous replacements of limestones which at times simulate detrital 
quart/ites: the latter can be called ''infiltration or metasomatic (luart/- 
il»*s." I', S. (4. 

Willyaniite — a New Mineral from liroken Hill. By E. F. Pittman. 
(Records Geol. Survey, N. S. Wales, vol. iv, pt i, pp. 21-22, 1894.) This 
mineral is a sulph-anlimonide of nickel and cobalt, with the formula 
</oS2. ('oSb2 • ^' ^2- ^' ^b2. It is isometric in crystallization and is very 
similar in its physical pro[>erties to thesulph-antimonide of nickel, ull- 
mannile. Two analyses are given and each shows that nickel and co- 
balt are present in approximately equal amounts(over l.'J |»t»rcent.), thus 
justifying its separation from ullmannite. u. s. <i. 

Papern and Noten on the Olacial Geology of Gre^it Britain and Ireland, 
\K\ the late Henry Carvili. Lewis; edited from his unpublished MSS. 
by Henry W. Crosskky. Pages Ixxxi. 401». 8vo, with ten maps, and 8.*{ 
illustrations in the text. (London and New York: Longmans. (Jreen, and 
1\)., 1894.) This magnificent volume is the fulfillment by Mrs. Lewis of 
her husband's dying recjuest, that the notes of his glacial observations 
in Ireland and (ireat Hritain should be published, with the aid. in edi- 
torial revisi(m. of his friend, Kev. H. W. Crcjsskey, who also has since 
died. (For a biographical skelch of Prof. Lewis, with a review an<l a 
bibliography of his scieniific work, see thi' Amkiucan GE()i.o(n8T, vol. 
II, pp. 371-*J7J), with portrait. Dec, 1888: and for an obituary notice of 
Dr. Oosskey, vol. xiii, p. 75. Jan.. 1894.) The work has been very care- 
fully edited and places on record for all students of glacial geology the 
observations and opinions of a most enthusiastic, industrious and suc- 
cessful investigator in that field, where he reap«'d much and well, al- 
though taken from us while yet his plans and hopes were o|M>ning with 
promise of more abundant fruitage after years of further exploration. 
Attempting to state very concisely some of the chief points in which 
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Carvill liOwis con tribii toil t(» mon» full and true iiit<*rpr(^tation of the 
drift formatiuus of Britain, in the ii^ht of his previous work in the 
TTnited States, we note the substituti(»n of ice transportation instead of 
marine submerjrenoe to account for the drift with fragments of many 
•s|)ecies of sea shells at great bights on Moel Tryfaen and in other locali- 
ties: exact tracing of the boundaries of the glaciation; the recognition 
of many areas of ice accumulation and dispersal of boulders: that the 
Scandinavian ice-sheet extended to England, bi»coming confluent with 
th<» Hritisli ice-fields: doubt of interglacial epK»chs: and the discrimina- 
tion of till formed beneath the ice, moraineson its margin, and boulder- 
clay, 8upi)osed to have been borne by flt>e and berg ice beyond the bor- 
der (»f the ice-sheets on the surface of large extra-morainic lakes. The 
whole work will be of great value in stimulating further investigations 
of the many and difficult questions which still remain to be altogether 
convincingly answered, so that at length a general unanimity ot^view 
shall be reached concerning the origin of the glacial deposits and the 
causes of glaciation in the British Isles and in all other drift-bearing 
regions. w. r. 

The ^f^he^•n^ UeMonrrei* of the Untied States, (.UiU'ndnr year ISiKH, DAVin 
T. Day. Pages vii, T91»: Washington, 18JU. (U. 8. (ieol. Survey). This 
volume ap|K»ars with unusual promiUness, probably under the stimulus 
•of comiKilition with "The Mineral Industry." published by the Scien- 
tific Publishing Co.. of New York, of which a notice api)eared in the 
•last number of the (iKoi.ogist. This is. in the main, of the same char- 
acter and sco|)e as the nine preceding re|K)rts fn)m this department of 
the survey. The statistics which it presents are obtained from the 
most reliable sources, and the varicKis mining products are reviewed 
separately by statistical exiHTts. The chapters on i>etroleum. natural 
gas and asphalt urn are especially full and valuable. x. n. w. 
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/. (iitrer nine lit and State J^ejforfM. 

Pennsylvania (ie(>lo«rical Survey. 18J)3, Atlas Summary Final Rei>ori. 
I'ontains: Maps of the state, bituminous coal mint's and quarries. Leb- 
anon. Bucks and Montgomery counties. 

l^ennsylvania (ieological Survey, 181Ki. Atlas contains: Geological maps 
4>f Schuylkill, Carbon. Berks and Dauphin counties: topographical map 
of the Blue mountain at Port Clinton. 

Annual Ke|M)rt of the Smithsonian Institution, for 1892, contains: The 
relation of biology to geological investigation. A series of essays dis- 
cussing the nature and scientific uses of fossil remains and the necessity 
fop tln-ir systematic ci»llection and iwrmanent conservation in public 
museums. Charles A. White. 
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V. S. 0(3(>logiCHl Survey. Mtiii'rHl n*s<nirc«'s of th»» I'lntoil S|.utt»s.l80JJ, 
bv David T. Day: I8iM. 8vo, pp. vii, 71MK 

If. l^itreetHugit of SrifNtijir SorU'titn. 

Pnx'fedings of tln» AcHd«*my of Natural St*i«*nc<*s of IMiiladelphia, 
IHJM, pi. 1, contains: <)l>s(*rvations on tlit* jr«H)logy of adj}u.'(*nt parts of 
Oklahoma and iiorthwoHt Ti'xas, K. I). ('o|k»: K»»-«'xploration of Hart- 
man's cave, near Stroudsbur>f, Pa.. IHJKJ, H. C Mercer: Volcanic pro- 
ducts from the Hawaiian iHlands. K. (toldsmith. 

The Journal of the (Cincinnati Society of Natural History, vol. IT. No. 
1. April, 18JM, contains: New s|KH*ies of fossils from the Huds<in River 
lirroup and remarks u|M>n others, S. A. Miller and C L. Faber: The \n*i- 
rified forest of Ariz<»na. S. A. Miller: The granites of Cecil c(»unty in 
northeastern Maryland, (i. P. 'irimsley. 

Proceedings of the Alabama Industrial and Scientific Society, vol. 4, 
No. 1, 181M, contains. Analysis of limestones and dolomites of the liir- 
min>cham Alabama district, ('. A. Meissner: On the phosphat(> rock of 
Tenness«*e. \V. H. Phillips. 

Proc. an<l Trans. NovaScotian Inst, of Sci., 2nd ser., vol. 1, pt. .*{. 
contains: Notes on the MitHrene Tertiarv rocks of th»* Cvpress hilKs. 
Nt»rthwest Territory of ('anada. T. ('. Weston: The Piclou coal field — 
a jjeoloj^ical revision, H. S. PiH)le. 

Proc. of the Iowa Acad, of Sciences, for 18J).-J. vol. 1, pt. t. 1894. con- 
tains: On th»* geoloj^ical position of Bennetti1eit (larotrnifin Macbride. with 
remarks on the stratijj^raphy of the region in which thesiM»cies was dis- 
covered, Samuel Calvin: Notes on th»Hower strata of the Devonian s«'- 
ries in Iowa, AV. H. Norton: Cretaceous formations of northwestern 
Iowa, C. K. Keyi's: Derivation of the Tnione fauna of the Northwest, V, 
K. Key»'s: Pn»cess of formation <»f ciTtain (pu«rt/.ites. C. K. Keyes: Ori- 
gin of the pn*sent drainage .system of Warren county. .1. L. Tilton: 
Structure of the Mystic coal basin. H. F. Bain: Sigourney deep well. H. 
F. Bain: Southern (extension of the Cretaceous in Iowa, K. H. Lon.sdale: 
ToiKigraphy of the granite and ixirphpry region of Missouri. K, H. Lons- 
dale: Occurrence of zinc in north*>astern Iowa. A. <J. Leonard: Satin 
spar from Dubu<pie, A. (i. Leonard: Occurrence in Iowa of fossiIift>rous 
C(Uicretions similar to those of Maxon cn'ek, A. C. SjM'nser; Evidences 
of disturl)ance (luring the deinisition of the Burlingt4)n limestones. F. 
M. Fultz: Coal Measures in Poweshiek count v, A. .1. .lones: CardUtnir- 
puH in Iowa, A. .1. .lones: North AmiTican cycads, T. H. M'Briih'. 

111. Papi'tti in Scientific Jourmth. 

The Journal of (Jeology. vol. 2. No. 4, May-.Iun»\ 181)4, contains: The 
Norwegian coast plain, Hans Ueusch: (ilacial cafions. W J Mc(»ee 
FosHil plants as an aid to geology. F. H.Knowlton: Wave-like progress 
of an epeirogenic uplift. Warren Cpham: The occurrence of Algonkian 
rocks in Vermont and the evidence for their subdivision, C. L. Whitth*: 
Summary of Pre-Cambrian North American literature. C. R. Van Hise. 

Tbe Journal of Oeologs, vol. 2. No. 5, July-Aug., 181)4, contains: The 
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Carvill F^owis contribiitiHl td ni<in* full unci true iiit<*rpivtation of tb** 
«lrift formHtioDK of HritHin. in the li^ht of his previous work in th** 
T*uite() StMtcs. we n<»l(* the substituti<»M of ice transportation instead of 
marine Kubmerp'nce t4» account f<»r the drift with frafrments of man\ 
sfK'cies of wa shells at irr«»at hi^hts on Moel Tryfaen and in other hwrali- 
ties: exact tracinjruf the b«>undaries of (he placiatiou: the reco|?nition 
of many an'as of ice accumulation and dis|M*rsal of boulders: that the 
Scandinavian ice-sheet extended to Kn;rland, b(*comiu^ confluent with 
the British ice-flelds: dtuibt of inter^rlacial e|KK*hs: and the discrimina- 
tion of till formed beneath the ice, moraineson its margin, and boulder- 
clay, supiKwied to have lx»f»n lK»rne by floe and beri^r ic«* beyond the bi»r- 
derofthe ice-slH*ets on the surface of Inrjfe extra-morainic lakes. The 
whole work will Im* of >rn*at value in stimulating further investigationv 
of the many and <litTicult questions which still n'main to \w alto^ther 
convinciiijjl> answen^d. so that at length a jreneral unanimity ofview 
shall lx> reached concernin^r th(M>ri>rin of the glacial deposits and the 
caus«'s of glaciatinn in the British Isles and in all other drift-bearin*: 
regions. w. r. 

Tht yfiittral Utnourcitntf tht I'uittil Slalrn, f'alendar jftur ISii^t. Davip 
T. Day. Pages vii. 7$>!h Washington. l«!)l. {V . S. (mmiI. Survey). This 
volume ap|M'ars with unu.sual pn>mptness, probably under the stimulus 
of comiM'tilion with **The Mineral Intlu.stry." published by the Scien- 
tific Publishinjr Co.. <»f Ni*w York, of which a notice apiieared in the 
4asi number of the (*Ko^(M;I^T. This is, in the main, of the same char- 
acter and sco|H' as the nine pn'ceding reports from this de|)artment »f 
the surve> . The statistics which it presents are obtained from th»' 
most reliable sources, and the various mining priMlucts ar«» reviewed 
se|mrately by statistical exp<*rts. The chapters on iK»troleum. natural 
gas and asphalt um are esfwcially full and valuable. n. h. w. 
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Pennsylvania <ieolo:rical SurveN. hSSKt. Atlas Summary Final Ke|)<»rt. 

contains: Maps of the state, bituminous coal mines and quarries, Leb 

aut)n. Bucks and Montgomery counties. 

Pennsylvania (leoloirical SurveN. lHl»ii. Atlas contains: CuM)logical ma|»-^- 
4»f Schuylkill. ('arlH>n. Berks and Dauphin counties: to|x>graphica] m«i M 
of the Blue nittuntain at Pi»rt (Mintoii. 

Annual KeiM>rt of the Smithsonian Institution, for 1H92» contain.s: Th» ^ 
relation t>f l>it)U)j:y to geolojrical investigation. A series of essays di?— =• 
cussing the nature and scientific u.ses of fossil remains and the necessit -#■ 
for their s\steinaiic collection an*l iK»rmanent conservation in publir I 
museums. Charles .\. While. 
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U. 8. Greological Survey. Mineral resources of the United States, 180H, 
bv l>avid T. Day: 18W. 8v<>, pi). vii. 701). 

IL Ihroeeedinyit of Sn'rntijir SocietifJ*. 

Proceed iiij^s of the Academy of Natural Sciences of Philadeljthia, 
18U4, pt. 1. contains: Observations on the j^eolo^y of adjjicent parts of 
Oklahoma and northwest Texa.s, E. I). Coih^: Uf»-exploration of Hart- 
man's cave, near Stroudsburjf, Pa., 18J)3, H. C. Mercer: Volcanic pr<»- 
tlucts from the Hawaiian islands. K. (roldsmith. 

The Journal of the Cincinnati Society of Natural Hist^iry, vol.17. No. 
1, April, 1894. contains: New si)ecies of fossils from the Hudson River 
Ifroup and remarks uiM>n others, S. A. Miller and C. L. Faber: The im»I- 
rifled forest of Arizona, S. A. Miller: The granites of (Veil county in 
northeastern Marvland, G. P. (irimslev. 

Proceed inps of the Alabama Industrial and Scientitlc St)ciety. vol. 4, 
^o. 1. 18JI4. contains. Analysis of limestones and dolomites of the Hir- 
miuKham Alabama district, ('. A. M^issner: On the phosphate rock of 
Tenne.ssee, \V. H. Philliiis. 

Proc. and Trans. Nova Scotian Inst, of Sci., 2nd ser., vol. 1. pt. H, 
contains: Notes on the Miocene Tertiary rocks of the Cypress hilLs, 
Northwest Territory of Canada. T. C. Woston: The Pictou coal flehl — 
a p*olojrical revision, H. S. P(k»N'. 

Proc. of the Iowa Acatl. of Sciences, for 181KI. vol. 1, pt. 4, 181M. con- 
tains: On the g<H)lo^ical iH>sition of BcuuettiteH daroteuntM Macbrid«», with 
remarks on the stratij^raphy of the rejjion in which the species was dis- 
covered, Samuel Calvin: Notes on the lower strata of the IK*vonian se- 
ries in Iowa. W. H. Norton: Cretaceous formations of northwestern 
Iowa. C. R. Keyt's: Derivation of the Unione fauna of the Northwest, C. 
R. Keyi»s: Process of formation of certain tpuirt/.itHs, C. R. Keyes: Ori- 
^'\\\ of the present drainage system of Warren county. .1. L. Til ton: 
Structure of the Mystic coal basin. H. F. Bain: Sijrourney deep well, H. 
F. Bain: Southern extension of the Cretac«*ous in Iowa, E. H. Lonsdale: 
ToiK)j(raphy of the granite and iK)rphpry rejrion <if Missouri, E. H. Lons- 
dale: OiHMirrence of zinc in northeastern Iowa. A. (J. Leonard: Satin 
spar from Dubuque, A. (J. Leonard: Occurrenci' in Iowa of fossiliferous 
concretions similar to those of Mazon cn*ek, A. C. SiM'iiser: Evidences 
of disturbance during the de|H)sition of the Burlington limestones. F. 
M. Fultz: Coal Measures in Poweshiek county, A. .1. .loues: Cardwrar- 
pftM in Iowa, A. .1. .lones: North American cycads, T. H. M'Bride. 

I/f. Papers in Sci4'n(ifir Jonmahi. 

The Journal of (Jeolo^y. vol. 2. No. 4, May -June. 181)4. contains: The 
Norwegian coast plain, Hans Reusch: (tiacial cations. W J McOee 
Fossil plants as an aid to geology, F. H. Knowlton: Wave-like progress 
of an epeirogenic uplift, Warren Upham: The occurrence of Algonkian 
rocks in Vermont and the evidence for their subdivision. C. L. Whittle: 
Summary of Pre-Cambrian North American literature, C. R. Van Hise. 

The Journal of Geology, vol. 2, No. 5, July-Aug., 18i)4, contains: The 
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nrijiriii of tin* tildest fossils hikI tli«' tliscowry of th«* bottom of thf <»c(*Hn. 
W. K. lirooks: Tht* Amazonian r|)iK'r<.'Hrbonifen)US fauna t). A. l)erbv; 
(JiMilo^rical surveys of Ohio, KdwardOrtou: Pn»iK>spd jronetic classifica- 
tion of l*l«Msloc«*nc >rlacia) formations, T. ('. ('hamb<'rlin. 

The American .lournai of Si'ience, 111. vol. 48. No. 1. July, IHJM, con- 
tains: Occurrence of a larjri' area of iiepheline syenite in the township 
of Duujfannon. Ontario. F. I). Adams: Nepheline, sodalite and orthtn 
clase from the nepheline syenite of Dun^annon, Ontario, H. J. Harring- 
ton: Tertiary chancres in the draina^^' of southwestern Virginia, M. K. 
Campbell: rp|H*r Vicksburi; P^wene and the ('hattuhfM>chee Miocene of 
southwest (leor«ria and adjacent Floricia, A. F. Foerste: (labbros in the 
southwest Adirondack rejrion. ('. H. Smyth. Jr.; Footprints of verte- 
brates in the Ctml Measuri's of Kansas. O. ('. Marsh: Typical Ornitho- 
jMHia of the .\merican Jurassic, O. ('. Marsh: Kastern division of the 
Miohippus beds, with notes on some of the characteristeric f<issils, 
O. ('. Marsh. 

The American Jouriml of Science. III. vol. 48, No. 2, Aujr.. 181M. con- 
tains: Certain astronomical conditions favorable to ^laciation. O. F. 
H(;cker:. MineraIo>ricaI notes. S. L. Penfield: Alunite from Re<i Moun- 
tain, Ouray county, Colorado, K. li. Hurlburt: Mineralojrical notes, S. 
L. Peiitleld and I). A. Kri'ider: Carlumifenuis fossils in th«* Norfolk 
county basin, J. li. \V<MKiworth: The strati^raphic |K>sition of the 
Thomson slates, J. E. Spurr: Miocene Artiodactyles fmm the eastern 
Mioliippus beds. O. C. Marsh. 

The Sch(M)lof Mines (Quarterly, July. 181)4, contains: The optical rec- 
ojrnition and economic imiiortance of the common minerals found in 
bu i Id in^r stones, L. Mel. Lucpier: On the occurrence of Cretaceous clays^ 
at NorlhjMjrl, L. I.. Heinrich Ilies. 

[V. KxrerptM and Indiridnal I*Hbluntion». 

On some new forms of wj>IIaslonite from New York state, Heinricl^^ 
Kies. Trans. N. V. Acad. Sci., v(»l. 18, pp. 140-147, 1894. 

Note on the |M'trojxraj)hy of certain basaltic boulders from Thetford^,^ 
Vt.. K. O. Hovey. Trans. N. Y. Acad. Sci.. vol. 13, pp. 1(5M(W. 1804. 

A comparative study of the chemical behavior of ])yrit<» and marca — 
site. A. P. Brown. Pn)C. Amer. Philos. Soc, vol. :«. 1894; pp. 19. 

Some New Red horizons. \\. S. Lyman. Proc. Amer. Philos. Soc. vol - 
:n. pp. 192-21:). 1891. 

The mineral industry, its statistics, technolojry and trade in the I'ni — 
ted States and other countries. By Richard P. Rothwell. Pp. i-xl. fl ~ 
891: New York. The Scientific Publishing Co.. 1894. 

Further notes on Crif)ple creek ores, Richard Pearce. Phk*. Cok '^ " 
rado Sci. S(»c.. Apr. .'). 1894: 7 i)p. 

The saiiitnrv chemical character of .s»)me of the artesian waters t^ ^*^ 
Denver, \V. C. Stronir. Proc. Colorado Sci. Soc. May 7, 1894: 9 pp. 

An analysis of judeite from Mojiniinjr. Burma, O. C. Farrinjrton. Pn>*-^ - 
r. S. Nat. Museum, vol. 17. |)p. 29-81. 1894. 

On the fnrmaiion of sialactiU'S and gypsum incrustations in caves. < *• 
P. Mf'rrill. Proc. C. S.Nat. Museum, vol. 17, pp. 77-81, pis. 2-.>.;81M- 
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TIh* formntion of sandstone coiicrelions, (i. P. Merrill. Proc. V . S. 
Nat. MustMim, vol. 17, pf). 88-8J), i)l. 6, 1894. 

Notes on the invertebrate fauna of the Dakota formation, with des- 
criptions of new mollii.scan forms, (\ A. White. Proe. 1'. S. Nat. Mu- 
seum, vol. 17, pp. 131-irW, pi. 7. 1894. 

Ancient myriapods, G. F. Matthew. Canadian Record of Science, 
l>p. 93-99. April, 1894. 

Hi.storical sketch of the discovery of mineral de|)ositsin the Lake Su- 
l»erior region, H. V. Winchell. Second Ann. Kei)t. of the Proc. of the 
X^ake Sui)orior Mining Institiit'e; 40 pp., 18JM. 

A review of the fossil flora of Alaska, with descri])lions of new spe- 
<*ies. F. H. Knowlton. Proc. V . S. Nat. Museum, vol. 17. pp. 207-240, 
I>1. 9, 181M. 

(tfology of the Cripple creek gold mining district, Cok)rjido, Whitman 
CriMJs. Proc. Colorado Sci. Soc, Junt* 4. IHJM: 18 pp. 

The ore deposits of Cripple creek, Colorado, U. A. F. Penrose, .Ir. 
Pn)C. C<)lorado Sci. Soc, June 4. 1894: 5 pp. 

A clas.siflcation of economic geological dei)osits based on origin and 
original structure, W. (). Crosby. Technological Quarterly, vol. 7. pp. 
27-48, April, 1894. 

The origin of parallel and intersecting joint.s, W. (>. Crosby. Tech- 
nological Quarterly, vol. (J. pi>. 230-230, Oct.. 1893. 

The new geological cross .sections of Keweenaw jK)int, L.Ta Hubbard. 
Second Ann. Kept, of the Proc. of'tht' Lake Su|x*rior Mining Institute; 
18 pp., 1894. 

The hydni-geology of the upper Mississippi valley and of some of the 
adjoining territory, 1). W. Mead. Journ. of the Association of Engi- 
ni'ering Societies, vol. 13. No. 7, pi). 330-:W(), July. 1894. 

Ilescription of some Cincinnati fo.ssils, S. A. Miller and C. L. Faber. 
.lourn. of the Cincinnati Soc. of Nat. Hist., vol. 17, No. 3. pp. 137-158, 
pis. 7 and 8, Oct., 1894. 

V. l*rocefdingn of Srirntific iMboratorieM, etr. 

The Kan.sas I'niversily Quarterly, vol. 2. No. 1, July, 1894. contains: 

Vertebrate remains from the lowermcKSt Cretaceous. S. W. Williston: A 

Hew turtle from the Benton Cretaceous. S. W. Williston; Notes on Uin- 

fitcHnus soriaHjt Grinnell, li. H. Hill: Restoration of Platygonus, S. W. 

Williston: A chemical examination of the waters of the Kaw river and 

Us tributaries, E. H. S. Bailey and E. C. Franklin. 



CORRESPONDENCE. 



Note ON thk (Jkolookal Map of thk State ok Nkw Yokk. In the 
"^Twelfth Annual Kei)ort of the State O»'(»logist for the year IS92,'* Al- 
^>any, 1893, we read at p. 28. that in the geological map publishfd in 
1 842. by the Oeological Survey. **no attempt was made t(» represent th«* 
»^ge and relations of certain of the formations on the east si<le of th«* 
ftud.son riv«»r.*' On th«* contrary, all tin* thr<M* thousand copies dist rib- 
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iit«'(l r»'prfsi'iit th** H*it' atid rt'lHtioiis of all iho f«>rinalions on tht-i^ast 
sicl«' of tlip Hiicls<»ii riviT Hs "HiHlwm river jirnnipor Iji»rnim«* shale" 
hI)ovh th<* "I'tirH HlHtf." with loiitr bands and if«o)atiHl |iatch<^ of Tren- 
ton limt'stont*. (*all**d u\\ th»* map "HIark Riv«'r andKirdfcvf limHstone.'* 
so ih«' siHti'mnnt is incornTt. 

At p. 2!* w»' rnad: **Al a lalfr |>eri<Kl. 1844. Pn»f. Flmmons publishnl 
an H^riciilttiral and ^'fMi)i)>ricH| map of tlu' state to accomiMiny his a^i- 
ciiltiiral rH|M)rt. This map was piihlishtHl ii|ic>n the same base as thf 
original ^rnolo^iral map of the .state. Tht* coloration was almost pn^- 
eisi'Iy the same on all |»arts of thp map west of the Hudson river. Fn>m 
the northern limit of th«* state and th** adjacent |)art of Vermont, ex- 
tt'iidini; aloii}; the east side of the HudMtn river and cnissiin^ to the west 
side Ix'low Khineb«*(*k. a l)«*lt of color was introduced to show th<' su|>- 
|)(»sed limits of the 'Taconic system* of nn'ks. althoui?h no mention of 
the name is made nor any indication in the color le^»nd of th^ map. The 
map. however, is full> d»»scrihed on |>a>re \VM t»f volume 1 of the *Apri- 
cuhur*' of New York.* A description and <Uscus.sion of the rucks tif the 
Taconic system and of its individual members occupies chapter five, 
|»a}fes 45-1 1'3 of the volume. Siurr 1S44 thi* map ha» hern thr only ge^tlttgi" 
rtdtinip of thr Mtutt of X*ir York ufrfjutibif to th* Mftiffrnl and to the ptfhfir/* 
The italicising of th4> last iwrairraph is mine. 

Dr. Kmmoiis. in a puhli.shed letter (PnK'eedinjrs American Academy 
Arts and Scienc«*s. v«»l. xii. p. 1^W. liiiston) savs: "l made and puln 
lished with my Kei)ort while in the Survey of New York a mmUfled map 
of the slate, which showed the extent of the Tai*onic nicks in New Y'ork. 
The tlirei- thousan<l copies wiTe stolen or destroyed by persims un- 
known, so that they w»*re never issued with the prt)|ier volume." So. 
instead i»f Xw'wxa arfntnihU, ilip >reo|o^ical map showinjr the extent of tin* 
Taconic system in New York was hutrrt-Mtiblf, «»ven to its author. prt»fes- 
M»r Kmmons. Lyell. <le Veriieuil. A«;assiz. colonel Jewel t. Harrande, 
etc.. never saw it. No student of the >reolojry of New York «»v«»r saw 
thai map until alMKit 18TT. when a few mutilated copies bejran to bt» 
<lislrihuled bv the slate librarian at Albanv. 

Instead of bein^ accessibl(> to the stu<lent and to the public, us it is 
claimed, the map of 1H44. paid for by the Slate. disHpii«'ar<Hl mysteri- 
ously until 1877. during a in^riml of ihirty-thn»e years: and during all 
that time "the only «;eo|o<^ical map of the state of New York accessible 
to the sindeiii an<l lo the public** was the in'ological map of 1842, on 
which all the strata conlaiuin^ the primordial fauna art* placed al)ove 
the I'lica slate, that is lo say, alMive the second fauna. 

Mr. .lames Hall, the stale L^eolojrist and stale paleontologist, adds, at 
p. 'l\)\ "This itf/rirtf ft ttritf ti /Iff f/tttfnt/irtif m}i\i of Dr. Km m(Uis. follow! uj: 
so s<M)ii after the piihlication »»r iju- slate maj) accompanying the repjirls 
of the four y^eoloirical districts, douhtlei»s prevented any immtnliate effort 
to secure tln' means of preparinir and pul)lishing a more accurate geo- 
lo^rical map «»r ihe Stat**."' How a ma]) unknown and absolutely inac- 
cessible may liave pre\»'ni«'il to pre pan* and publish a more accurate geo- 
logical map of the state <if New York is a material imi)ossibility. If an- 
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other maphas not yet beiMi published^notwithstandin^ that several times 
one has been announced as being on the point of bein^ issued, it is sim- 
ply because the state geologist is at a loss how to deal with his previous 
opinion of the non-existence of the 2r),000 feet of strata of the Taconic sys- 
tem; for even now, notwithstanding all ''our accurate knowledge of this 
r«*gion/'and **that at the present time comparatively little remains to 
b«* done to complete the work" {lor, cit., p. 31), he knows less about all 
th»* strata east of the Hudson river than Dr. Kmmons did fifty years ago. 
Cambridge, Mann., June ;:*4* 1S94. Jileh Marcou. 

The Sixth Session op the International Con(»ueh« ok Cieologists. 
The excursions which were announced for the two weeks preceding the 
o|HMiingof the congress were carried through with a fair number of 
participants. The trip over the .lura, managed by Prof. Golliez, with 
the assistance of some of his colleagues, began on August 15, Wednes- 
4lay, at Geneva, in somewhat inauspicious weather, the first expedition 
b«*ing up the (jrand Sal^v*'. th<* largest mountain near (ieneva, from 
which an exceedingly beautiful view of the Mont Blanc series can be 
had and on which an exceedingly bad luncheon is obtained at the res- 
taurant of th«* Treize Arbrejt. The weather was rainy and cold and no 
vii'w wjis obtainable, though there was no lack of enthusiastic travellers, 
including one woman. In the evening th«' president of the council of 
the canton of Geneva and Colonel Turitini, the mayor of the city, re- 
ceived at a banquet the proi^osed participants in the congri'ss and their 
wives. That is to say, the wives were invited, and under the impres 
sion that others were to be present, oni' of these ladies attended, but 
was alone, to her great mortification. 

Tht» guests of this august invitation were not remarkable ft)r any par- 
ticular style of dress. Some had dark coats, but the majority had light 
colored suits and btH)ts which were singularly dusty, considering the 
amount of rain which had fallen. The hosts, however, knew what was 
due t<i the resiR'ct of themselves and their guests, and their bearing 
was irr(»proachable. 

Their idea of the speaking f)art of a dinner was, however, slightly 
different from that of other ])arts of the world. After the addresses- 
of welcome had been made by the governor and \\\v. may(>r, the field 
was left free to anyone who chose to occupy it without invitation. 
The old Carl Vogt availed himself of this privilege and made a violent 
iutransigeant speech, taken good humoredly by the hosts. .The nnjm 
was the foyer of the Geneva theater, and one of the most beautiful of 
its kind in Euroi>e. having much in common with that of the Grand 
OfM'ra in Paris. 

The next day the party of Jura students started off on their trif), 
f<ir which the}' ha<l beautiful weather. \ few days later a similar 
dinner was given by the authorities j)f the canton of Vaud an<l the 
city of Lausanne, the residence »)f the chairman of the commitle*' on 
organization and the president of this session, K. Ken»'virr. This 
was given in the mixiest dining room of the cafe of the theater and 
was in all respects less imposing than the initial dinntT at Geneva. 
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N»»vfrlhfl«*s.s tin* \u*s{s sliowi'd HpprcciHtion of tin* ohji'cis of ihc run- 
urrss hikI h iN'rfi'Ct liospitalitx . 

Thr coiijjn'ss profN'r whs o|M'ii('d at \) a. m., Tuesday. Au>:. 28. in ih«- 
I'oiiiioil hall (»f ilif PnlyttThiiikum. of ZUrirh. Thf published pntrh nr- 
tntuj of fill* Nittiii^sof ihr c'oiiiK'il lack lh»' local coloriiis; which would 
fxplaiii how Ihf pn>iM»silituis Wfn* acct*pl«»<l. TIm' S4*ssioii was o|riitHi 
with KriM*vi«'P, pr»'sid«'iit of ih»' conimilt**!' of orf^aiii/atioii, in ihr chair. 
Hi* pri»|H)sctl lo call ovtT tht* names of the dilfon-nt count rii>s, and asktul 
all th«* m«'mht'ps fn»m thos«' coiintrit*s to j:ivo ihcir nani<*s. This vi»rv 
clumsy mrthtNl r«'sult«'<l in tin* list first >riv«*n on \h*' proren rrrlnil. On 
pn»c*M'tlimr to ih«* choic«* of president of th»* ct»ni;rcss. <rollic/. naniHi 
Ucncvirr. who a( tir.st siat«'d that h«' ou^ht not to Im> c.\{M'ct<*d toask 
ft»r tht' vot«* for himst'lf and imm«'diatcl\ thereafter ^ave thanks for 
his election without an\ voii> at all. 

This was the keynote to the sul>se4iuent pn)ce«'<lin>rs. which incliKM 
the reading t»f a list of reprt>S4>ntatives of ditr*'r4*nt countries. s<*|ect«l 
hy the committee on orsrani/ation. as vice pn'sideiits. The first obsta- 
cle it encounten'd was fn»m S'ftor Corlazar. who initurally objected to 
haNiiiif Spain and IN»rtUk'al lum|M>d toir«*th<'r n/ifi rt-pniuuttdby tht VurUi- 
tjutM cnfutiff />#/;/»»«/«♦. This ol)j<'Clion l»**in^ sustaint*d *ir at least not 
• »p|Mtou>d. S'Aor Cortazar was lutmed vice pr«*sident fr«»m S|M4in an<l C«»l. 
l»eli:ado from PorlUk'al. 

Til*' ne\l count r\. alphat><*ticall\. was lh«* Tnited States. M. Ken«'- 
\ i-r d»-clar»"d that then* wt-re lw«» tielejrates from the I*. S. (i»»olo^ical 
>.:r*-\ pr»'s.«nt. and that, one of them having; declined the nomination. 
"- **H"«i th»* ctMincil i*i n-commend the other. Mr. l^esier F. Wanl. as 
:■. . -^ pr^-^hb-iit n^preseiiiihtf the I'liitiHl Slates. There were t hi rtiM'n 
-►. . .J ...^•. ••r^-'N.-iit fmm the I'niied States. The extraordinary principle 
»»t* ' • • '. *iiiM»!inc»"d th.it a sulHinliiiale de|iartment of a jrovernmeiit 
Nj. •-ji^'wait a ctTtain kind i»f Work can, without the know led^eor 

. i?:H-: • -.f mat j*«\»riimfnt, N«-nd two n»pn*sentatives to a con^r(*ssof 
.>;*'••> .11 liiHt kind of work ami can decide bt*tween thems^'lves. 
w ••.i-.i »-»f.T»-!iri- t<iiheoih<'r n'pr»»M'nlaliv«»N fn»m the I'liiitnl States. 
»• ••• "f ih«- two Hhfi]i \\»' ihe r»'pr»*Nentaii\e *if the nation from which 
•i. iun,' This <|u*-«.ti<>n is t-ntiridx iiidejiemleni of the character of 
••i' ii-'iii!!!— and uoilnn:; h»-r»'iii coniaim**! is intendtMl to reflect on the 
s-.:::*?. wy ••! th«- ap|«>intment .if Mr. Wartl. bul I lie principle is vi- 
••j-'.i«- hifd • !it.Tsi\ Mib\trsi\r of th«tM- on which the conjrress is founded. 
«*;....»K^. f.-r ii-Manc»-. ih«- an-hitetMi«f the oapilol at Washin^^ton chost' 
-; H. ' ■ :w- ..' i> v.i^rn-Tl ''uNinlinal'-s to an inierDatioiial conjrr»»ss of 
;.»■-■ ..-•.» •,'.,; • ■ ,il rM'-"««.» xhoU •! d»v:d»- N'tW-t-'-n lhemM»Ues. to theex- 
' .• \ - 4 :,rrir*.' ^'tv -w ;..' n".:j:'f^t !iav«- formed integral parts 
;.;.^- ijr-^^^. H ". • ^: .-.i .! r-pnvT.T *l>.r cnuntrx. This piec«M»f 
- .. ^ ^ r;.; > .i : •'.<• '^-tva: :•' ':»•• trj'^doirical w»»rl<l that 

• j-^xx ^ X Ti.T \ :.. > r:>' or^atur»* iif the i»fticial hu- 
►, . .. -*.--••. .: :• X. >. nv f wl.'fM- i*hief>. having: leairiied 

-. u : ..' '<'.ii*o-», sir»- n«»w content l»» use 
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The .si»cr«»taries and treasurer having bf'»Mi cliosen without op|)OKition, 
ihH eouticil proceeded to the order of th«» day. 

Two former i)residents, CaiH*llini and Heyrich, being present, the 
tpiestion which shouhl oi)en the session was iK)st])oned till the following 
dav. 

The president then brought up the question of what language should 
be emph»yed, and based uikju the action of the last council of the congress 
in Washington the prop(»sal that(iernian should beadmitted equally with 
French as the language of the congress. M. Uenevier, as presiding office^, 
distinguished himself in the discussion by continually misstating the 
pro|K)sition which was submitted to vote, and Hnally declaring adopted 
what he pleased. n<»t at all what wasdecide<l. Thus the final form of the 
])roi)<)sition was that in all ofllcial stati?ments or discussions of routine 
work French should be used, or a French translation of what was said 
shall be offered, but that (ierman should be admitted for scientific ex- 
lM>sitions. 

The following si^ctions were then created and their otticers elected by 
the council: 

Section 1. Gttqihyttique, (ieiAfktouiffue, (rt'ofo^/ir (jeuendt. President, 
A. de Lapparent, France: vice president, T. McK. Hughes, England. 

Section II. Strntiffraphir ft Pal^ontohffic. President, Albert (iau- 
dry, France: vice president, K. A. von Zitt(H, Germany. 

Section III. Petroyraphie tt Afinmtior/if. President, Mich«*l-Levy, 
France: vice president, P. (iroth, U^Tmany. 

Section IV. Giohgie appliquee. President. Hauchecorne. (Jermany; 
vice president, Posepiiy, A ustro- Hungary. 

Wednesday, Aug. 3. ISUj^, 

The first general session of the congress was held in the aula of the 
magnificent 6cole scolaire for females. It is in the upiM*r story, a very 
tine room, showing the rafters, and having decorations of fruits run- 
ning along the ridge and extending in two arms to reach it from each 
gable end <if the building. Behind the desk of the chairman, where it 
was of light wood and covered with gray, coarse d raj K*ry, is a large map 
of the regi(m on a scale of 1:25.000, to illustrate the payn^rof Prof. Heim 
later. A fine longitudinal section of the Ziirich lake bed on a scale of 1: 
125,000 lineal j^nd 1:25.000 vertical is <lisplayed on the east wall, while 
on the west (the right of the presiding officer's desk) is a section acr(»ss 
Zurich lake<m a scale of 1:2,CKK) linear and 1:1,000 altitude. At the 
hour of oj)ening, 2 p. m., there were about 100 persons present. 

Cajx^llini, taking the chair, rejx)rte<l the presid(*nts, vic»^ presidents, 
and secretaries of the congress, and the j)residenls and vice presidents 
<»f the sections. M. Ca|M*lIini then yields the chair to Uenevier, the 
president, who makes an a<ldress in which he says he is p«*netrated by 
two thoughts, the one of gratitude for th«' honor conferred on him, and 
the other of his Insufficiency. He is sure he owes this honor to his reg- 
ular attendance at the meetings of the congress. He was v«'ry much 
ast<inished when the cable informed him. three \fars ago. that Switzer- 
land had been cho.sen as the site of the next conjrress. and he was at 
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first Mimcwlmt iiitimidattMl. but tlu* littl«* country lias dorif its best. It 
bMs Uid mort' than iisna) sln^ss ii[k>ii th«* excursions, tind it hopes thai 
the warmth of the r«'ce|>tion may make amends for what may seem 
lacking. Since the Hrst conjrr«»ss at Paris in 1878, many eminent ijeoJo- 
pists like Sierry Hunt, S«*Ila. N'ewb«'rry. and recently. <i. H. Williams, 
have died. The primary <»hject of the congress was uniformity, but it 
was pushed 1(mi far. and the result was a protest on the part «>f its Anplo- 
Saxon members, and the n'actioii in turn has ir(»ne too far. and thrown 
the opfMisition entirely over the saddle. AVe should seek to unify the 
lan>rua^e and the metlKMis of the science only, and thus we shall not di> 
injury Xu the .science. By teaching a rational and not a traditional fre> 
olojry. we shall h\ <lejirn»es attain the^nd souirhl. 

The president then intriNluced M. Schenck, themember of the federal 
council, who addn^ssed a welcome to the con>rrf»ss in a mi>st extraordi- 
narily theatrical manner. Learning that this st*Ksion of the conj|p>*ss 
was to Ix* held here, ih»* federal council <letermined that it was an inter- 
national duty lo entertain their quests. Kverythin^r iMissible has l)een 
done to make the members of the conirr«*ss feel at home. He jrreetftl 
the me mixers in the name of the Uundesrath. Their labors were not 
confined lo cabinets and ialxtratories, but extendiHl over a space as wide 
as the world. While this little country cannot offer the wonderful oh- 
ject.sof the I'nitetl Stales. \i*t for a small lan<l then' was much to inter- 
est *reolo;?isis. There is ;t little Nult. a little in)ii or«»: but no quick — nor 
commercial — siher is found hen*. [Laiijfhter. | The land is jr»*oIo^ically 
rich, but in a miniiii: sensr |MNir. Vou are not hen' to look at the outside 
hut the inside of the land. .Mlow me to say that of all human industries 
and occupations ir»*t»|oi:\ i> the noblest. What the earth has to tlo in 
space ireoloir> ti'jiches. and how in thechaiisres of ajres it came toiK*ciipy 
its present form and situation. From its t«'achin^ we learn the infinite 
smallness of nian. Wonderful is tlit- work which jr^'^dojfy has |M*rformed, 
but then' is man\ a riddle \**\ uns(»ived. Nothing can so tend to solve 
these as a meeting of so nian\ able men. May the sixth S(*ssion of the 
congress do much toward this i«nd. and may .*^wit/.(*rland b«» n^memfien'd 
as the place of its lalxirs. [Applause.] 

President Kene\ i«T then re|Mirted the decision of the council in re^anl 
to lan^ua^e. as follows: 

1. La lan&rue otticielle est It* fraiicais. — Toutes lf»s atTain*s administra- 
lives se feront i-n francais, Dans le (*asr>u un ex|Mise ne |MMirrH otrt» fait 
I'll francais. il en sera <lonne une traduction. 

2. I.es conununications scientiti<pies dans les assemblees jfeueralcs, el 
dans N's s«'ci ions. iMMirnmt etres faites cii francais <*t en allemand. Si 
(ra\itn»s laniriies int«T\ i«Minent. il srra donne. de <*es communicati<uis. un 
|M'lit resiinu* frani'ais coninn* traduction. 

Tln' prtsidt'ni tlieii intnuliu't-jl Pr«»f. Suess. who athlressed the <*on- 
iiri'vs on *c«»nforniaHon itf siirfarr b\ hori/ontal forces." The s|K*aker 
saul lliai il liatl hrtD main \«'ars since he ha<l a<ldress«Ml a public as- 
s«'nil»l\ in /inich on this subit*ct. which had b«'en one claiming his at 
leniiou for nian,\ xears. A brii'f dii!-«"si of the siibstanc*' of this pafK^r 
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fnim iho ptMi of its author, ha8b<»«»n furnished fur the AMERirAN Gkol- 
<k;ist. and will bo used al a futun* writiiiir. The pa|M»r was illustrated 
by maps of the mountain systems of Asia and Kurope. The gist of the 
|)a|)er was that the Carpathians and the Ural range were m(xleled hy 
horizontal movements, unlike in direction but similar in character to 
thos<» which had exercised a change in Europe when the Alj>8 and the 
Pyrenees w«n» involved. A great horizontal movement in the north of 
Scotland is indicated before the Devonian age. He summed up a most 
Interesting memoir by declaring tluit what we call deformation is really 
Cf>nformati(»n of the crust of the earth and is but a step in the gradual 
pnjgress which is towards a final oontour far from being peached yet. 
[Applaus*'.] 

Prof. Heim then gave a v<»ry dear statement of the geology in the 
neighborhiMKl of Zurich, declaring his old pn)fessor, A. Escher, whosi» 
bust overkK)ked the scene, was right when he declared in 1840 (?) that 
ZOrich is built on a moraine, and that the hills or mf>untains in its 
neighborhtxHl are moraine phenomeiiH. The key to this geology is the 
erosion of the Molasse of lletliberg and Ziirichberg (lower Miocene) and 
the invasion of this depression by glacial drift. On the summits of the 
mountains near the town ov»'r <M) meters of moraine covers the Molasse 
in place. The best arable lands are found on the upiMT moraine. The 
strongest springs are found in the lower ^rrw/irf moraiiu an<i are f(»d by 
water which has trickled through theupiK*r moraine. The ZUrich lak«' 
bottom was not plough(>d out by glacial action, because (amongst many 
other reasons giv»«ii) there are islands at one end of it with a depth of 
120 meters of water l>«»tween them, and, by reason of the direction fn)m 
which the glacier must have come, they could not have remained had a 
irreat force been employed to dig out the lake bottom. Nor can the basin 
!>♦' explaine<l hy a fault or crack, because the strata of the Molasse on 
ihf two sides give evidence against any dislocation. Th»* basin is du«' 
to a depression or sinking of the strata on the end nearest to the Alps 
»n<l is doubtless connected with the sinking of the entire Alps system. 
There are also clearly marked three separate (glacial eiMK'hs. 

This lectur*' commenced with a eulogy of the s|H'aker's former profes- 
s*»r (Escher) and of a young pupil of his named Wettstein, who lost 
his life by a fall in the mountains. I^)th of them were said to hav<* 
contributed much to the clear understanding of the geology of Zllrich. 

In the evening th»' n*staurant <»f the Z(\richhorn. situated on the east 
bank of the lake and about a kilometer from Zurich, was indicated as a 
plact* of informal meeting for the pnriH)se of dinitu;, and most of the 
members of the congress went there and ohatted Mil or 10 o'clock, re- 
turning either on f«M»t, in the tram car, or in the t>oat. 

ThurMilay, An;/. ,»v, IS'.f^. 

The council met at 8 o'clock in the Polyteclinikum. The president 
offered the compte-n'mlu of the iirevious session, an<I wasal>out to with- 
draw it as acce])ted, b«*fori* it was discus.sed, when Sir Archibald (ieikie 
moved an am<*ndment to tlx-etfect that the rule about language appli(*s 



26-4 The American Geologixf, October,!^ 

»mly to \\\v /Orirh s«*ssioii. It was dfclartHl by th»* prfsiiU'iU aj)pri»vi'il. 

All invitutioii fr<>m the Cico^raphical SiK'iety of Lisbon was recfivt'd. 
iiivitiiijr th«' conjrross to in«'»'t !h«»n» in tli«* yi»ar 18!»7, wh<»n l!u*diso»v«Ty . 
of a roulf to t!u' IiuIIj's U\ Vmsco da (tama will In* ('♦•l«*brat«»d. Thv 
prfsi(h*nt rcmark^'d that the (roiincil at AVashin^t4>n had promised thai 
thf next coiiirn'ss aft»*p tin* pp»'s«fnt on<* shoidd >ro to Russia. l)«*walquv 
waiilcMl to tiiiow how nn«' ron>fn*ss coidd fix th«* place's of lhf».siiccf»«?dinjr 
two. UiMU'virr n*pli<*d that of cours** this i*onj^n»ss can ratify a decision 
of the pn.'Ci'din^ conArress. Col. Dcltrado, of l\»ptu|ral. said thai the 
offer was not from tiie (Jovernment of Portugal, which woidd have com- 
municated any sncli otfiT through him. when'as he, l>«»insr abs«»nl when 
the communication was s(>nt. I<n«*w nothin<: about it. 

Uenevier asked what to do in the case of a so-caHed >reolo);ist who had 
wished to join th** |N>destrinn tour of Heim and was tohl that he was 
t(N) late, as others ha<l he<>n refused, and then want^'d his cotisatinn 
money hack. The council, rather stajrifcred that such a petty matter 
should be brouATht to its inttice. murmured various IhingK. and the 
president stated that he should inform the |M>rson thai the pro|M»sitioii 
was inadmissible, and then added in an audible tone to Pn)f. Heim. **L 
would not take him an\how.*' 

The eternal and unanswered proiNisition of the manpiis de (ire^orio to 
found an intennitioinil j;e(»lo^ical Journal, wastaken up and ])Iayed with 
for a while, beinjr finally referred to the bibliographical committee. It 
is strange that th«' manjuis. who has s^'en this project of his similarlx 
treated for nine years, be^rinninir ^t the conjrrtrss of lierlin, is the only 
member of the congress who fails to note its amusing feature.^, and ac- 
tually s«*ems to heheve that )M*rhaps his grandchildren may see it 
a<lo|)ted. Naive manpiis! 

Professor Heim iinpiired whether the work sent t*> liologiia in 
comiH'lilion for the priz** offered by th<' kin^ of Italy, in 1881, is the 
pro|H*rty of the con^pcss or of the university of lioloj^na. ('a|M'lIini .said 
the funds were ^iven by the king and that the work should remain in 
Italy, es|M'Cially as there is no place of de|)osit owned by the conjrress for 
taking care t>f such objects. Further discussion was ix>stiK)ned and the 
m<M'ting was adjourned. 

The s(»veral .sections met in tin* halls provided for them antl pajn'rs 
were presented as follows: 

SKCTIOX I. — (iKOI.OtUK (}KNKKALK. 

Prifn't liobnul /iomifttirt*'. — PeriiKlic variations of Fn»nch glaciers. 
MttrHhall lltill (read). — (JIaciers of New Zealand. 

Van (%ilk'ri\ — Invest ijration (jf erratics. 
St. .lA */ /////•. — (ie(»|ogicaI energy attributed to ancient glaciers. 

Wtirren Ip/Htm (read). —The (^uuternurv era and its <livisions. 
(7ttirfrM 'J\ir(1if. Perturbations of the magnetic fleUI. 
Aihnrht /\/tt'/,.~'V\\v last dislocation of the .Mps. 
Jiothplttz. — Failh's de reconvrenienl. 

(iriiff. — l*eculiar contatM rt'lali«nis between tin* crystallinenucleus and 
the sedinientarv coNcriUL'. 
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F. A. Forrl. — ProiMJsilions rt»laiiv«' tn th<» varititions of glaciers 
throujirhout the world. 

Section II. — Stkatkjrapiiie et P.\le<)ntolo(4ik. 

Sarro. — Classification of the Tertiary terraiies of Kurope. 

C/t. Maytr-Eytruir. — Tertiary terranes of Switzerland. 

(i. Biihm. — xVgo dos niveau.x a Rudistes de la Veiietie. 

Hollier. — The Malm (»f the .Iiira and of the Kanden. 

Wohrtintnu, — Upper limit of the Muschelkalk. 

A\ Hull. — Geolojry of Arabia Petnea and Palestine. 

Mfrrfrat, — (leolojary of Patagonia. 

Ueuerier. — Formations of Fjicies. 

HVwf//^// (read). — L'e.xtension de I'tniest du systeme Taconique. 

Furlotc. — The Neocomian of the northern ty|K\ 

(ireyorio, — Nomenclature (»f parts of sh«*lls of »rastero|KKls and p«'lfcy- 
ImmJs. 

»SfrftineHrit . — The fossil camel in Roumania. 

(rrfgoritK — Some n^marks on the order and method of geological works. 

W, Kiliitn. — ()n the limit of the Jurassic and Cretaceous in the Alps 
and «Iura. 

K. Hauy. — ^On the discovery by Caralp«* of ammonees in the Permian 
of the Pyrenees. 

Section III. — Mi.ner.\lo<»ie et Petium;kai»iiie. 

Ltpttiu^. — Crystalline and metamorphic rocks of (ireece. 

JIffglhmt. — fi]lfectsof contact of Nepheline Syenite of Sweden. 

P. Grot/i. — Description of an apparatus for tht* grai)hic determination 
of the directions of vibration in any thin sections of biaxial crystals. 

V^idtla. — On the Diabases and (rabbro rocks in the Hasilicata (lower 
Italy). 

Duparr. — The crystalline erujitive and metamorphic rocks in the 
first Alpine zone. 

Sf/nniift. — The crystalline rocks of Switzerland. 

Section IV. — (iEolocjie applk^uee. 

Poaepuy. — The relations between inciustry and geology. 

J. IL L. Voyt. — Occurrence of ores through processes of magmatic 
ditferentiation. 
The occurrence of carbonic acid in the Rhine region. 

An informal midday meal was had from 12 to H. at the Plattengarten 
and an equally informal dinner in the evening in the Tonhajle restau- 
rant, which is entirely enclosed in the Industrial Exhibition of the can- 
ton now being held here. 

Following are partial minutes of the remaining sessions of the 
council and of the general meetings of the congress. 

The hour of meeting for the council was 8 a. m., and that of the gen- 
eral assembly a. m. Those who mak«' no boa.st of their early hours 
were to a large extent on time: but those, including the president, whose 
devotion to science and tasUi for primitive simplicity rai.se them above 
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their colleagin's. wen* lo a j^rreat extent late. This was perhafis the 
reason whv the business was conducted without that full discussion niul 
o|))N>rlunitv for deliberation to which the AnKh>-Saxoneh'ment is accus- 
tomed. 

The French, who are the most systematic |M*ople in the world in spit«' 
of their excitability, have their own way of dealin/? with legislative and 
judicial assemblies. We consider their meth<Kis somewhat arbilrarv. 
es|M*cially in the latter class where the jud^e interrogates the accused, 
and in the course of his n»marks attributes to him a motive and a com- 
plete chain of acts before any i)r(H>f of either has been prtKluced. Still, 
this tendency is the n»sull of the French desin* ti> 'Mrancher** the 
complication, tocut thettordian knot instead of tryinyr t<> untie it: and 
it must be sai<l that jrenerally the **judKc" has a ri}rhtfM>us cause, and 
generally justice is meted out to the criminal more rapidly than it 
would be under Knjflish and American laws. 

In parliamentary debate the French meth<xl is also different from 
thai exiM)unded in Cushinjf's Manual, Uob«»rt's Rules of Onler. etc., but 
in the main, up to the moment when the pn'sidin^ officer puts on his hat 
as a result of t(H> much complication or t<K) jrcneral infraction of onler. 
everyone has a moderately fair chance to be heanl. The rules applie<l 
by M. K«»nevier, however, were of the most arbitrary charHCtor and 
seemed to proc«'ed from hisdesire to accomplish some, to him, desirable 
end. Thu.s, when the council-was called together at SiSOorSiSo and the 
otticial minutes t)f the meeting were distributed am<mg thememb<*rs. 
they were declaretl adopted before anyone had an opportunity to n»ad 
them, in default of any s|M»cittc objection. It is true that a memb<*r of 
the council interijosed to prevent the arbitrary subv«'rsion of the funda- 
mental laws of the congress adopted at the liologna session, making 
French the official languag«'. and requiring communications pn'S«Mited 
in other languages to be resume«'<l in French, fmm applying to any but 
the Zurich session: but as a rule the statements which api)eared in the 
rei)ort remained there, though a can'ful examination would havi* doubt- 
less led to manv c<»rrections. 

A most extniordinary pro|M)siiion was made by the president that the 
minutes of the assemblee generale could be appnived by the council 
and adopted, without giving the op|)ortunity to those memb«»rs of the 
congress wlu) were not in tin* council to modify or object. This pro|)o- 
sition was opiKJsed by nearly half the members of the council, but was 
carried by a majority of two voles. 

Another matter came up wliich could not but greatly astonish the 
members. At the seance of the ct>ngress held in ]iologna in 1881, Pmf. 
('aiM»IIini induced \\\v king of Italy to offer a prize of abiMit 0,0(K> francs 
for the best comiM'titive treatise on certain geological subjects. A num- 
ber of works wen* forwarded, and a committee was appointed to in.si>eci 
th«*m, which finally refKirted that in its judgment none had fulfilled the 
conditions which would entitle the comjx^titor to the first prize. Nev- 
ertheless a prize of ab<»ut 1,10() francs was awarded to the contribution 
adjudged the best, and on o(>ening the envelope containing the name of 
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thf» contributor it was found to bo Prof. Heim. of ZUrirh: and the prize 
was duly sent to and acknowledged by bim. Shortly afterwanl Prof. 
Hein) n»quest<'d Prof. ('ap(*Hini to loan him the manuscript of his work 
<wbich. by the way, appi*ared in the Bologna volume), promising to re- 
turn it. Pmf. (*api*llini. relying ufxin the i)erfect giKKl faith of his col- 
league, at once took the manuscript from the archives and forwarded it. 
As time rolled by without its return, Cai)ellini wrote to Heim about it 
and received assurance that it would be sent in a few weeks. Thirteen 
years have elapsed nud, the manuscript is still here, and what is more 
remarkable. Prof. Heim asked the council of the congr(*ss to declan^ 
whose propf-rty it is. C^om mentis unnecessary. M. de Lapparent exlri- 
-cated the council from an exceedingly ditticult i)osition by pro[M)sing a 
resolution, M'hich was fortunately adopted, that the council could not 
interfere in a matter which concerned the com i)eti tors for a prize offered 
by the Italian king.' 

M. Forel proiK)S«»d the nomination of a committee to study the changes 
which occur in glaciers. After some discussion the following wen* ap- 
IMiinted on this committee, with |M)wer to add toit.self others from Italy. 
Norway and Uussia. viz: Ku'iitku. Austria: Fintswaldkr, Germany: 
Urii>, I'nited States: Uonaparte, France: Hai.l, (ireat Britain: Forkl, 
Switzerland. Prince Roland Bonaparte offered to bear the costs of this 
committee, which was received with applause by the council. 

M. van C'alker, of Holland, had the idea of apt:)ointing a committee 
to study the distribution of erratics, and there was some friction as to 
whether the same commission should undertake both .subjects. It was 
finally decided to adopt the glacial committee and to recommend the 
members of the congress to organize a society for the study of erratics. 

It was mentioned previously that when the bureau of the c<mgress 
was under contemplation the president, M. Uenevier. stated that there 
were only two **delegates" from the United States, namely, those sent 
by the V. S. Geological Survey. As one of them refused to serve as vice 
president and recommended that the other be elected vice president to 
represent the U,nited States, M. U«'nevier recommended this course to 
the council and it was adopted. The only member from the United 
States present judged it iiiop[)ortune at that time to protest against the 
principle thus tacitly admitted, more es|K*cially as the nomine**. Mr. 
Lester F. Ward, was eminently worthy of the honor. He conceived it to 
be his duty, however, not t4) allow such a subversionof the fundamental 
object* of the congress to pass unnoticed, and consequently pre.sented to 
the council the following pro|)osition for determination and rejiort by 
the bureau in lime to govern the constitution of the next congress: 

"The bureau of the congress will consider the following tpiest ions and 
will reach a decision in time to apply it to the organization (»f the next 
-congress: 

**1. To what extent dt>es the congress recognize the right of govern- 
mental bureaus as such, of societies, or of any kind of organizations, to 
send representatives to the congress? 

**2. Within what limitations does the con^rress recognize the right of 
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such r«'pr»'s<'n!alivrs, «)r of oiilv a tMirtioii i>f tlu' mi'mlH*rs of thi* con- 
jrn'ss comiiiiT fp<»m \\\*' sam*' mniilrv. i«» c*Ihm»s*» who shall b»» th»» vice 
I)r»'sid»*iit repr»*s»Mitiiiir iln'ir roimtn , or t<» tak«' anv oth«»r st«'iis (in ih** 
iiamt* of tht'ir coiiiitrx ) without coiisiiltalioii with all thMir coiiiitrvmHn 
mt* mb+Ts of tin* oonirri'ss? " 

Th«» w»»rcls ill par^MitlK'sis <lo not ap|N'ar in th«* print«Ml pnK*^** v»*rhal. 
but thf omission will douhlli'ss Ih* oorr»*cttMl in thf official volum**. 

A warm fri»'n(l of this proposal, who has irn'at inf1u»*iice in thi' coun- 
cil. pn»pos«'<l that it shouM h«' s«»tth*<l h\ tht' n»*xt day: but the pr«>i)os*»r 
pn'frrri'd ihjit it bt* l»*ft to tlu* can-ful d('lilM>rati«»n of th«* bun»au. insist- 
ing only that it b«' not piir»Min-h«»h*d. which from its trrms it cannot l»e. 
sine*' th«' bur<*au. which consists of that part »»f th»' pr»*s«»nt council who 
an* ortict'rs. has «*nirajr<»d itsi-lf unanimouslv to consider it and applx it 
to thf n<*xt orsrani/.atitMi. 

Th«' abus*' is a Hajrrant on**. If then* is an objt'Cl ab«»vi* all <»tb«Ts for 
the con^rt'ss to fulHII. it is to o|N*n its doors «'qually to all ^ologists 
without distinction or favor. Should th«* coii«;r**ss dfcidi* that thtts** 
who hold |N>sitionsin the drpartnifnts of th<* vari(Mis};ovtTnint>(itst>njoy 
f'xclusiv** privih'p»s. and. amonsr^t oih«*rs. that of const itutiii«r their 
l>«Tmanfiit organization which ktM«ps the conirr«*ss alivi» b«*tw»M*n its rejr- 
ular sessions, then it is a pro(*lamation to tlu* worht that this body has 
lM»en transformed into a servant of ofticialism. It is simply an interna- 
tional jreolo^'ical survey trust, whose mission is to extenuate the errors 
and preserve the iM»w»'r i»f its constituent sreolosrical survey dir«»ctors. It 
is mt>r<'ly a play u|N>n words to call it an organization of nations, for th«* 
r*'pr*'sentatives of the nations have nothin&r to do with theapixdntments 
an<l for the most part an* tpiite In i;:noraiu*e of the |M>rHons who act in 
their name. It is a means of tlisposini: t»f the always troublesome "in- 
dejH'ndent jreol«nrists'*wln> ow»' alleifiance oidy t<» theirscience. and who 
are tax«Ml at home to provid«» the salaries of those who would thus di*ny 
them equal rights in an international institution. These inde|>endent 
>reoI<»jrists in all countrii's are an imfNirtaiit factor in the establishment 
of facts, and. apart from the fact that th»'\ usinilly fosm the Inr^e ma- 
j«»rity t»f thosf* whost' work is «reoloiri<*al. they act as a check ui>on hasty 
conclusions and im|H*rf»*ei work. Hut it is better that the bun^au should 
havi' fidl tinir and lib»*rl\ to tieelare itself than that any hasty conclu- 
sions on the ({uestions submitted to it shoidd be made. 

If. as sonn" of titt* more inthieiitiai and older members of the con;rn*ss 
think, the conirress has he»Mi diverted from its original excellent pur- 
fMise an<l has fallen into the hands nf those wIxk if they cannot um* it 
for their own si'ltish puriMisfs, intend todi'strov it. the s(K>ner this inteii- 
ti<ni is appart'Mt ih«* l>«li«'r. If. on ih«* <*ontrary. it is to Iw the bi«rb»'st 
tribunal of ap|M'al on piirfl\ sci»*nlific matters, if it is to be ouisid»' of 
thf intluenci" «»f parii»ians. linn' sitvits nr even ir«>vernments. it will a<l- 
mit to its counsi'ls wiihoul disiinciion all who ha\e earned the ri«rht to 
b«' considt-n-d L^»M)lu'rivts: nor will the decision be embarrasse<l bv the 
ad(»pt ion of a rul** wincli wmild Lnvi» to rvery nation repn'sented oid\ 
»)n»* voir. At h-asi all th»* r»'pr»'s«'niaiivfs of each nation WiUihl enjox 
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equal rights. Let the bureau decide these questions and we shall know 
what to expect. 

M. Karpinsky, of Russia, submits the invitation of the Russian geolo- 
gists that the congress meet in Russia in 1897, which is adopted. The 
c<»mmittee of organization is named, with ]K)wer to add to its number. 

An interesting incident of the second general session of the congress 
was the good wishes offered to Prof. lieyrich, on behalf of the congress, 
by Prof. Ileim, on the occasion of his eightieth birthday. The g<K)d 
feeling was very hear.ty and siH)ntaneous, but the recipient seemed 
.somewhat embarras.sed by it; [>erhapsfor the reason, which he explained 
to your corres|>ondent, that he does not attain hi<i eightieth birthday 
until next year. 

The addresses of 8uess. von Zittel and Michel-Levy at these general 
assemblies were very interesting and worthy of the occasion. 

The last K(;ssion of the council but on«' took place on Saturday morn- 
ing, when, after the reading of the minutes, Nikitin (Russia), Oldham 
(English India), Penck (Germany and Austria), and Sacco (Italy) were 
added to the committee on bibliography. Gilbert, the president, having 
resigned, Xikitin was elected president in his place. 

The final session of the council (the fifth) was held at the Polytechni- 
kum at 2 p. m., after the final session general at the female seminary. 

Tlie nominations of the members of the committee on organization 
for the next congress in Russia were comph'ted. 

The members of a committee weni apiH)inted, at the instigation of 
Michel-Levy, for the unification of the nomenclature of rocks. Follow- 
ing is a partial list of this committee: Knop, Zirkel, Rosenbusch (Ger- 
many); Golliez, Hutenmal, Schmidt (Switzerland): Renard, de la Val- 
lee Poussin (Helgium); Rehrens, Wichmann (Holland); Macphersou, 
Cvonzalo y Farin (Spain): Hensaude (Portugal): Michel-Levy, Barrois, 
La Croix (France); Teall, A. Geikie, Judd (Kngland); Hrogger (Norway); 
Zujovic (lioumania); Lowinson-Lessing (Russia): Tietze, Tschermak 
(Austro-llungary); Iddings, rros.*^ Van Tlise (United States); Harcena 
(Mexico). 

Dr. Tietze asserted that he was not a ix»trographer and if retained 
could only bring general g«'ological knowh'dge to bear on th«' subject. 
He also claimed that theorigin of the idea of making an international 
geological map of EurojH' was in the Reichsanstalt of Vienna and read a 
pas.sagr from its proce<*dings anterior to the Bologna session of the con- 
gr»*ss in corroboration of his [K»int. Hauchecorne claimed that it was 
made anterior to the session at Paris. 

M. Pellati (Italy) projjosed (1) that th«^re should b<' a |X'rmanent com- 
mittee api^ointed with authority to regulate the afi'airs of the congress 
between sessions; (2) the snat of the committet? should be Paris; (3) this 
committee shall consist of allth** otticers; (4) those contributing 10 francs 
a year shall be considered members; (5) this committee shall issu^^ a pub- 
lication which shall be the organ of the congress. 

Here a scene occurred which will pres»»nt a just view of the manner 
in which president Renevier conducts the business of a deliberative as- 
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scmbly. M. Golliez, ^oneral s<'cretary, proix>s«*d that a ct>mmitt»^e con- 
sistin;^ of th«» past pn*si(lonts and general serrefanes should be requested 
to consider and draw up a rejwrt to the next congn»S8 on the advisabil- 
ity of such a iM>rinanent committee bt»ing appointed. M. de Lappareut 
dreM' the attention of the council to the fact that this was a total sub- 
version of the idea of the conjrress and its transformation into a geolog- 
ical society, and that the council had no authority to take sucli a step 
of its own initiative. The president, who could not conceal his strong 
approval of Gollie//s plan, finally declared that he would not pi»rmit dis- 
cussion on the merits of the proposition, but only on the question 
advancedbyM.de T^apparent. Nevertlieless he consumed more than 
half the time in discussing it himself in all its bearings, and finally de- 
clared, "We have thrive pro[)ositions before us: that of M. de Lapparent, 
declaring that the council is incompetent to decide the question (though 
for my part I do not see that it, will be more competent in 185)7 than it is 
now): that of M. Golliez, api)ointing a committee to <>xamine the ques- 
tion and re|)ort at the next congress; and, finally, that of M. Heim, 
which declares that we shall not consider the subject at all. As Mr. 
Heim's motion is the most radical, we shall consider it first." It re- 
ceived nine voles. Second, the ]>roix>sition of M. de liappan^nt n^ceived 
eleven vote's; and that of M. (iolliex only two votes. There wen* i>erhai>s 
fourteen mt^mbers voting in all, and M. de Lapparent's proposition was 
adopted. In order to be absolutely |H»rfect, Ciit)lliez's proixKsition should 
have read: All previous presidents whose names commence with an R, 
and all general .secretaries whose last names commence with a G. But 
imagine the new parliamentary departure, when three contradictory 
resolutions are entertained at the same time and voted for in succession, 
some of the voters casting their ballots for two or for all! Thus, by a 
very narrow majority, another attempt to destroy the congress failed. 

While M. Gregorio is siK'aking on his favorite topic, that of the ad- 
vantage of having a congressional journal, the president i)olitely roars 
that the seance is closed, and the members disiMTse, although the mar- 
quis is still on the floor struggling with his tempi'r and his French. 

Thus ended the sixth session of the International Congress of Geolo- 
gists. It was a notable gathering of many eminent men, and an object 
lesson in the employment of caucus primary methods in the elevated 
sphere of high science. An im])artial judge would probably prefer to re- 
vert to the old perijMl of smiling Italian diplomacy, where appt^arances 
were pres«*rved while the "machine" worked even more effectively, 
though not in the direction of suicide. 

A word in regard to the collation offered by the town of Zurich to the 
members of the congn-ss. I'«'tliberg is a station some 1,200 feet above 
the town, on the summit of the moraine hills and in a most command- 
ing ixKsition. An ordinary railway conducts thither through sinuous 
courses. th«' locomotive taking up three loaded cars on a gradient (as the 
engineer informed m«') of about 10 perc«'nt., or more correctly 8 in \0(). 
When we were all there anumbert)f the members followed Prof. Heim in 
an e.vcitiui,' chase ui> and down hill in search for outcrops of I>ecken- 
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schrotter and other moraine deposits. Some of the Roumanians came back 
looking as if they had been over the course of a glacier in a silting 
IMisition, with the glacier in their laps. We took seats at four long 
tables, the fifth being reserved for the Hurgomeister and the congress 
dignitaries with many others. The Burgomeister began an interminable 
speech in which he complimented the science of geology and showed 
his knowledge of Latin. M. de Lapparent replied in his always hai)py 
style, stating, among other things, that the congress was now sixteen 
3earsold; that, according to a very general European custom, when a 
young man who has applied himself diligently to his studies reaches 
that age he is rewarded by a trip to SM'itxerland; and this the congress 
was now taking. 

The collation was of cold meats with jelly, and the wine at first on 
the table was gratuitous. Further refections were charged to the con- 
sumer. In the afternoon an excursion of members of the congress and 
their wives started to make a tour of the lake. As a violent downixjur 
of rain and hail occurred, however, it is to be feared that the pleasure 
of the trip may have been marred. One of the most vivid electrical 
storms which your correspondent ever saw, accompanied by hail and 
rain, occurred during the night. The hail stones struck the Venetian 
blinds with reix^rts like rifleshots, while the lightning and thunder were 
incessant. 

Prof. Oolliez gives in th»* livret-guide (prepared to explain the geology 
of the regions visited by the members taking the excursions) certain 
explanations of a district particularly studied by Prof. Baltz of Heme. 
The latter has printed a sheet and distributed it to the members, contro- 
verting the stat4.»ments of Golliez. Hut the language and manner in 
which this is done gives evidence that the amenities are less considered 
in certain countries than they are with us. Persifok Frazer. 

Zurich, Sept. 3, lSi)4. 
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At the meeting of tue British Association for the Ad- 
vancement OP Science, held in Oxford from August 6th to the 
15th, the address of L. Fletcher, president of Section C (Ge- 
ology), was on recent progress in mineralogy. Forty- three 
papers were presented in this section. Monday, the 18th, was 
devoted to Pleistocene geology, which had ten papers. One of 
these, by E. P. Gulverwell, was "An examination of CroH's 
and Ball's theory of ice nges and genial ages," in which he 
stated that mathematical investigation proves the inadequacy 
of the astronomic theory as at present formulated. He there- 
fore ascribed the Glacial period to geographic changes or to 
variations in the sun's supply of heat. A joint discussion on 
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the plati-:iu <umv impleuiii'nt!: of Kent, held by Sections C mnd i 
H ( AnlhropMlnijy K was upeiu-d hv Pn»f. Rupert Jones, who ! 
ajrrt-rcl with I'ri-siwirh tliiit th»'y atf'ord evidence of m great 
anti'iuity fur man in Britain, "wht-n ih*.* physical geographj 
of tlu- WraM was vi rv dii1»Trnt fri«ni it* eharucter to-day." 
Mr. Wl'.itaki-r. on thi- 'itht-r hanii. thoiitrht that these recent 
di*i**oVkrit s and invr^tiirati-'i:* brini: "no i-vidc-nce to connect 
nu-n wiiii pri-:;.a«*ia! *>r tvt!» ::la<"ial tinifs." 

Till liit'i ni.n Ai. Sii:\K> ft Im»ia ha-i i^siitrd a second edi- 
tion "f it* -Man-ial "i ih.. «;.-..'.. .::y Mf India." forming a vol- 
II nil- I'f .^4«« pa:^t <•. with, a ;;'r;»-raf :r»-«il.ii;ifal map. a special 
map and •*»fti"i.* "f tii*- H::::a.ayaii. a map of the Indo-Gan- 
iZvi'.y a'.', .v::;:::, *fV. *.:•. i. f.iait - ••:" typi«Ml f'»?siis. and twenty- 
srVi V. lijurt* i:: rhf :» \:. T:..* w..rk :^ivt * iht- results of the 
s;;rvvy I . T:.t pr. *. !.T :i::.. . It ir.'-lni— t}i»* irrt-aier part of 
ti.i- :'..-": •ti::i ■!.. \\ :.:■■:. wa«i pr* par»ii \>y Mrd'.ii'ott and Blan- 
f.-rd '.i:'!..:! v. ar* a^;- . : ■ w:.;.-:. Mr. K. 1». (ildham. the com- 
pi'.f r •■:■ ::.i- rv-;:: :.. :.:t* a';«-'-i !:*?:;» !y. wh-ii.y rewriting the 
I'V.apiir-i- '. : > ij' .i:.il rij:?. ■: :!.»■ H::;*a':ayas and on the 
::f! 'ji'.k ::*: rv : :;> !••:::»:; :-:.:'-"!a. 

Vwv :w A*:- ::- vwr •::: \* > zw:^ -immeu FRtiM the Usi- 
T>:' S.wr- :.:i\- r- :-.:rnt-i: \\.:.:i. ::.. i-a-t ::i'nth. Their chief 

.iT- : .'■ r-»-r\:i::.'r.- "n the border of 

■ y Pr :". T. « . • hamlvrlin. in the 

:. : • Ki ■ !.. ar.d hv Prof. G. F. 

.:: r. v • Mirar.da. The former 

:..•.!■:.>■::. I r. : :. .having coasted 

".. -a;:- .;ir.;:;r.j* at numerous 

: - :' : - j.-i'irr* and iee-sheet 

v • \'.:\'.:r : Prarv'* winter 

: - *r .T'.y. r.:r.:i:r;* in Green- 

: - y ,-. • .: " '• ;•' : ' r.p.rte hi* map- 

> • -• • -■ :-.*: !" M :..:. .... r. '.rr way nnrth, 

A : . -.■ ■ ■--:-•.: :* K* "".r I <i>*r. causing 

-- ' .- - - T -- . - -.'*1 nfTrrward at St. 

V^ • J ■ -: - - * .-.-ly f.rs: landed for 

'. ^ \- - : ■ ■ < KK -: -. ■• <:. r:!v after leav- 

y. - ■ » .- . - ." ■ .: ■• y -^irikin*! on a 

- ,: - ■ • : •• : '*..kkrr:"ppen for a 

\ ■•:•'-:. r f I'^r scientific 

^ ■; ■ •:- r fi«h:r.2 soh«"niner 

^'. :. _• - ■■ -T.-TTi-ii --n her re- 

** * - - *■ J ■ : .v*' r:ile* was 

* * *. J *" 1 • - . •ir.kir.ir condi- 

-■ --^. r.vr. Having 

- ■ r- : :rT Miranda's 

- K ^'/. Arrived at 
N > .- •-.-".<-::. nth. 
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THE LIMIT OF POSTGLACIAL SUBMERGENCE IN 
THE HIGHLANDS EAST OF GEORGIAN BAY. 

Hy K 11. 'lAYi.nR. Kort Wayne, liid. 
(ri:iU' VI 1. 1 

TIk; region desoribed in this pjiper extends from the south- 
west end of lake Sinieoe through the hi^hhinds mat of Cleor- 
tjian bay to the liills soiitli of hike Nipissinji:. After jnnkin^ 
some preliminary observations at points farther south, but 
whieb do not relate to the partimilar subjeel of this paper, the 
explc»ratioil was bej^un at Harrie on the shore of lak(» Sinieoe. 
Most of the observations W(M'(» made in Au»jjust, ISiKl, when I 
was aceompani(Ml by Dr. Pearer, who had been with me in the 
pr(>vious trips to (Ireen bay and the eoast of hikir Superior 
( described in the last Mav and June numbi-rs of the Amf.imcax 
<rEoi.oi;isT). I returned ah>ne in September on my way to the 
Adirondneks and revisited som<» of these plaee< and also 
explored some new ones. 

Harrie. AVithin the limits of this town jind the villaj^e of 
AUandtdo, whieb adjoins it on the south, the Algon<piin beaeh 
of Dr. J. W. Speneer* was found clearly deveh)ped. In the 
eastern part of Barrie the beaeh is a cut terrace at the back 
of the lots on the north side of Hlake street. It extends in 
this form westward through the town to a p(»int east of the 
court houRe, where a valley o])ens to the northwest. Here it 
chniigcR to a gravelly beacii ridge and projects about an eighth 
of a mile westward along tiu^ north side of Collier street as a 
high, narrow spit. This spit is in the old part of tiu* town, 

* "IK* format inn of tin* AI^roiKiuiii Mraoh, and IJirih of Lnkr Huron." 
Am. Jour. 8ci., III. vol. xjii, pp. \'l'l\, wiili map. .hui.. ISDl. 
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well marked just abdvo the main road for two or tlirro miles 
north of the town. It is nearly as prominent in the town 
itself, and may be seen to {^ood advantage on AVest, ('oldwater 
and Penetang streets, and in several othi*r places. Toward the 
eolith the ancient coast line l)econies deeply indented b}' a 
valley, and int<^ tiiis the shore line gradually fades away. 
During the second visit to this p]a(?e I drove to McDon- 
ald's hill, about two miles northeast of Atherly, a village 
which is about two miles east of Orillia, on the opp(»site side 
of the river. This hill is about 85 feet above the lake and its 
crest, which is a wide, bouldery beach ridge, extends in a 
northeast and southwest direction, and appears to have been 
heavilv washed by waves. Kxtt-nsive excavations have been 
opened in the western slope of thir hill near its top for ballast, 
and they show its composition to be almost entirely of lime- 
stone boulders of small size, and grading from tliis down to 
the fineness of coarse sand. The quantity of small boulders or 
cobbles of a diameter averaging from four t<i eight inches is 
enormous. All the material is lhon>ughly rounded. The hill 
faces northwestward over lake Couchiehinj' and the vallev of 
the Severn river, toward (ieorgian bay. Tliis hill i^ not (piite 
high enough to ree<)rd the highest, beacli, and tiiere is no higher 
ground on that side of the river within a distance <»f six miles 
«»r more. The altitude of the bench in Orillia. measured at tin? 
back of the terrace in tile t<jwn. is ahout lin fi-ci above lake 
Simcc»e. (U* S;{0 feet above tiic sea level. Ii(»tli inn- and at 
Barrie we <'xplored the higher ground without liiuling any 
evidtMice of submergence. 

Lonit-rifU'. In going from Orillia to LindMiy tiie Alg<HH|uin 
beach was again (*rosscd at a point about a mile and a half 
west of Lorneville. At this place a series of well formed, but 
rather l(»w and light saiuly beach ridgt-s n^sts upon an open 
country, sloping gradually toward the southwest. The upper 
ridge is about HI 5 fet-t above >ea level, aiul appears to mark 
the upper limit of po'^tgla<*ial submergence. 

Jf/fifntK/, At a point about two miles aiul a half south of 
this place the highest sbon* line was found very ])lainly de- 
veloped against tlie north and east fa<M' of a high hill, at an 
altitude (»f about Hit) feet above the sea. Ht*tween the t<uvn and 
this locality fragments (jf iM-adu's were observed in two or 
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seen, however, which would tend to establish the fwct of sub- 
mergence. 

The villajje of Purr}' Sound is built upon a pjravell}' delta 
deposit which is about 50 feet above the sound. Across the 
river I ascended the rugged hill back of Parry Harbor to an 
altitude of about 150 feet, but found no distinct evidence 
of postglacial submergence. Our exploration, however, was 
too limited at this place to give much value to this negtitive 
result.* From Parry Sound we went by stage 18 miles across 
the country to Port Coekburn, at the head of lake Joseph. At 
two or three places evidences of general submergence were 
seen. On the west side of Horseshoe lake, there are some ter- 
races which are evidently the product of wave action. They 
were about 60 feet above the lake, and about 210 feet above 
Georgian bay. About the head of lake Joseph there are some 
suggestive features about 50 feet above its surface, but none 
that were distinct and clear. N(»r were anv noticed on the 
trip down lakes Joseph and JNIuskoka. 

frrat'**iihui'iit. At this place our time was too shr»rt to ad- 
mit of thorough examinjition. In the upper part of the vil- 
hige, however, there is a wide sandy and gravelly ridge which 
faces westward over Muskoka lake and is undoubtedly in part 
the work of waves. But we did not see any evidence which 
showed whether it is the highest ridge or not. Its altitude is 
about JS25 feet above sea h'Vel. In going northward l)y train 
we saw abundant evidence of submergence within two to fr>ur 
miles, at levels 75 to 100 feet higher, but the ui)pi*r limit was 
not distinctl3' made (Mit. 

Brarehn\hjt, At this place we found magniticcnt renuiins 
of the great submerg(»nce. They are (»f tw<» kinds: one is the 
product of wave action, and the otlnir (»f still- water di-posi- 
tion. The latter, especially, is tlevelnped on a grand scale. 
The beaches are clearly defined, and the still- water sediments 
are fine-bedded or laminated silts and clavs in horizontal lav- 
ers, forming n deposit 75 to loo feet thiek. 

Taking the main road northeast from Hracehridge M'e 
crossed the river just below the station and climbed the steep 
ascent of the east bank to the surface (»f a sandy plain. Within 

*I hav«' sincf learin'd that Mr. tliMuTi liad \ isiii-d Parr\ Soiiiul ami 
found terraces which w«' did rmt Nff. 
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li mile, (lunc's and puiuly ridj^^es began to appear. One of tho?e, 
in a field about 4t) rods east of the road, is a long and very 
evenh' formed beaeh ridge. Farther to the northeast the road 
erosses a few faint ridges and then ascends a series of three 
or four low gravelly terraces, which face like steps toward the 
southwest over t!ie sandy plain. The first road to the right, 
which follows the seventh and eighth concession line of Ma- 
caulay township, leads across a series of ridges of gneiss, with 
interv(»ning h(»llows (»f c«>nsiderable depth. Across these we 
dr(»ve abciut three miles to an' abandoned farm which ap- 
peared to be near the top of a fifth principal ridge. On the 
east side of tiie first ridge and near its top there is a large 
terrace of water- worn gravel and pebbles. Its composition is 
well shown in a ballast pit. At the t(»p of the third ridge, 
which is about two and a half miles northeast of Bracebridge, 
the mr»st marked evidences of wave action were found. The 
crest of this ridge is flanked <»n both sides by gravel terraces. 
The one on the east is sniall and narrow, and the ground is 
n(»t well cleared for (ibsiTvation, but the one on the west is 
much heavier and easier to see. In a lot just south of the 
road it has the form of a wide, low ridge with a slight depres- 
sion behind it. North (»r the road the terrace extends at 
about the same width, and the farm buildings of Mr. Leeder 
are built uprui it. From the field south of the road the ter- 
race extends southward as a short spit ridge, forming a con- 
nection with a rocky ledge, whic*h was formerl3' a reef with 
water otl' its ])recij)itous front 00 to 70 feet deep. Excavations 
for postlioles show iht* conifjosltion of the spit and the terrace 
in till' field to be (;haracteristic beach gravel. This terrace 
faces southwest (»ver the vallev «)f the Muskoka river, and 
Muskoka lake and (ier»r«rian ha v. Its altitude is about 975 
feet above si-a levi'l. In passing over the other ridges to the 
eastward w** did not discover any evicb^ice of submergence at 
highrr levels. The >eeond ridge, which lies next west of the 
third, is not so high and diil n<>t record the upper limit of 
wave action. 'IMie <ir<t ridge lacks only 20 (»r 25 feet of being 
as high as the third one. but we saw nothing to show whether 
the terrace on its east side nuirks the highest level of submer- 
genc<' or not. Looking eastward from the t«)p of the second 
ridge, the terrace at Leeder's farm, on the third, is seen to 
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extend in a great curve around to the north and join the sec- 
ond. From the first ridge the long level of the terrace extend- 
ing for two or three miles to the north is plainly seen. 

Returning to the lower ground, we found that the sandy 
plain which forms the banks of the river at Bracebridge is the 
top of a great deposit of silt and clay, and that the town itself 
is situated upon an eroded slope of this great bed. Several 
excavations in the streets showed its cliaract<ir very well. The 
banks along the river are steep and, below the falls, 1)0 to 100 
feet high. In some places this whole depth is composed of 
the laminntc^d beds. It is plain that the extent of this deposit 
was once considerably greater than now ; for the numerous 
deep ravines which have been cut into it since tiie recession of 
the water show how much has been removed. 

We drove also about seven miles southeast, past the falls of 
the south branch of the Muskoka river, to a point about two 
miles above. For the first mile the nuid is over the deeply 
gullied surface of the silt plain. Then the road passes over 
a hill, at an altitude of about 90 feet above the railroad sta- 
tion, and on the top of this hill an* several well formed beach 
ridges of water- worn gravel with depressions between them. 
Beyond this the road descends through a very deep and steep- 
sided valley which has boun cut out of the silt by a small 
stream. Both sides show the laminat(?d fine sediments tt> a 
depth of over 100 feet. The beaches mentioned are on the top 
of the north bank, and the contact between them and the silt 
may be seen in the ditch by the roadside. Hrtwrcn this gull}" 
and South falls the road passes ovt-r some higlH-r ground which 
is pretty heavily covered with dune sand, and is at about the 
same level as the sandy tract northeast of Bracebridge, but 
considerably below the highest beach. 

From Bracebridge to Muskc»ka lake, the Muskoka river is a 
navigable stream flowing with a sluggish current through a 
great expanse of swamj)y liats. After the maximum sub- 
mejrgenee, during which the uj)per part of the former estuary 
of the Muskoka was fiileil witii the silts and clavs. tlie rectus- 
sion of the waters was accomi)anied bv a r<*stored a<*tivitv of 
the river, which then commeneed the re-excavation of its bed. 
We have in conse(|uenee the level plain (jf the silts at Braee- 
bridge cut by the narrow, deep gorges of the river and of sev- 
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enil ert'i'ks, and hclow. toward the lake, the wide flats built 
up largely with tlu* silt bruugJjt (l(»wn from above. 

JI nntsi-niv. As it passfS northward from Braeebridge the 
railroad cliiiib^ iij) out of the f^orp- of theMuskoku river, and 
toward Huntsville ])assos ov^r gnnind mostly at or near the 
leVfl of the ln-aeh at liraeebridp*. At several p(»ints ht^avy 
dep<»sits of watf-r-worn f^ravt-l and pebbles are crossed. At 
its highest j)oint thi- railroad appean.'d to pass somewhat above 
the li'vrl «»f tliest* srdinients. Hut (»n the descent toward 
Huntsville the jrravels are j)artieularly conspicuous, chokinjj 
uj) the br(N of all tilt- small stnamsand forming l<^i^{?» narrow 
gravrl j)lains. At Sfvoral points these deposits have been 
fxcavatrd for ballast. At Huntsville stati«ui the evidence of 
postglacial subnirrgeiiee is ver>' clear, although it is not 
stronirlv (bvi'loped. Tlic station is on the east shore of an 
arm of Vernon lake and its altitmh* Jibove the sea Is JMjO fi*et. 
A stic'p hill ris(> back i»f tlu* statii>n to a bight of over 350 
fert. and along thr basi- i»f this hill, almost within a eti^ne's 
throw »>f tlu- station, tlu* highest slior(? line is sharply and 
charlv marked i\^ a r-ul terrace. Its altitude above the sta- 
tion is about lo f<'et. For over half a mile along the western 
face r»f tlii> hill the shore line is plain and continuous, and it 
was easily recognize<.l for about a mile farther each way. At 
the back of the terra<'e the okl blulf rises ten or flfteen feet 
more sti'cply than the general slope of the liill above. 1 
climbed to the top of the hill, starting up o|)posite Cook's bo. 
til. and reached a point over;?<K> feet above the shore line, but 
saw no further evid( inu' of submergence. The top of this hill 
<'oniman(lsa grand view over most of the country around. Sev- 
i-ral lakes are in sight at once, Vernon lake toward the nortli- 
west. Fairv lake and 1*imi insula lake toward the east; lake 
Mary toward the southwest was not in sight, but the water 
from the other lakes passes down through it and the north 
brain'h of the Miiskoka riviM* to Hra<'ebrid<;e. The shore line at 
Ilmit'^vilh' i< lint in a pi acr »*xj»om'(1 t(» a wide sweep of waters 
like (ieorgiaii bay, but marks the shore of a former sound or 
l'»ng inlrt. which reached from tin* inland valleys to the open 
wat«r :it HrMC(hri(l;re. Tin- valley is wide and open all the 
way from the hejol of N'eriion lake. Steamers ply from Hunts- 
ville to all tiie^e lakes, anil by a portage of less than a mile 
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the}' connect with the Luke of Ba3's, which empties into the 
south branch of the Muskokti river and formed another of the 
many ancient inlets of this region. The fine bedded silts were 
found at several places in Huntsville close up to the level of 
the beach. I have no doubt that this shore line is a part of 
the highest beach of postglacial submergence and is one with 
the main beach on the more exposed coast outside. 

Bitrfc'» Falls, Our observations at this place were some- 
what disappointing. We failed to find any distinct beach 
which might mark the upper limit of submergence. Probably 
this was because of misinformation with regard to the proper 
roads to take to reach favorable high ground. .Man}' inter- 
esting remains of submergence, however, were observed, nearly 
all of them belonging to the line sedimeutclass. The laminated 
silts and days of Bracebridge are in some respects equalled, 
if not excelled, by th(>se at Hurk's Flails, where also they at- 
tain a depth of about 100 feet. The Magaiietawan river has 
cut a deep ravine tlinnigh the silt bed, and its little tributa- 
ries have cut numerous gullies in the remaining mass. The 
general appearance of the formation is the same as at Brace- 
bridge. We drove about three miles and a half southeast of 
Burk's Falls to a point on the hills near Katrine. Tlie cleared 
farms of that vicinity are mostlv on the gullied surfaee of the 
silt deposit. At one point tiie road ris(rs to a level of about 
135 feet above the station and cuts a bed of water- worn gravel 
which may be related to the submergence, but we saw nothing 
which would establish that fact. Between tln^ village and the 
station gravel beds were observed in two j)laees resting on the 
top of the silt. One of these is smith of the road near tiie 
Presbyterian church, tlie <>ther is on the op])osite side near the 
top of a low hill. It seems probable that these gravels mark 
a level not more tluni JiO (u* 40 feet below the maximum hight 
of water during subm<?rgence. We also dr(>ve about four 
miles west from the village to an old winter ford of tlie Ma- 
ganetawan. The road is mostly at lower levels, and, for the 
first mile or two, crosses the gullied surfaee of the silt. Some 
interesting sections of the dep(>sit were seen here witli tile 
laminations beautifully dis])laye(l and in several places very 
much disturbed by faults and folds, which appear to be due 
to landslides and slippings on the steep sides of llu^ gullies. 
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iif IiiimI .•riiriii. bit it i-i!*.i -.ii ••!;#■ nf th»»r:f liinir inK'ts whifh 
r«iiiii.-i»t..-d wiiii til.- \vid»r \v;it»-r "nt^iili.-. 

,\f,,uth Hi'r, r. At till* jila-*'- Wf haw- ♦'r^'J-std the divide to 
til'.- rtirJMn "t" th*- *tr»:i:n* wiii«'h dt*«'iMul»-d the steep slope 
northward i'» iak«- Nipi— -i!;!:. I'ari ••!' the drive fnuu Sund- 
rid'^'r wa- 'ntir'-Iy a)i"Vi- th«- hvil nf the l»cacdie:i« ••f thiis 
vieinity and -uir ii:ii:i'idi!i» d drift. Ahout a mile we!?t fd' 
Su'.itli Kiv«-r a ili*ti]H't ••ut t»rra<'t- was erossed at the foi»t of 
a -^t»*p liill. Hilt it wa«i *■» ••h-i-ured hy a iieavy fnrest jLTrowtli 
that til'- ••har.ii'i«r •'! tin- irr-'untl in that vieinitv ctudd not he 
sei-n t" inlvaniML:*-. 'ri)»r»- njipi :ind t" he a <xraiUml :?lope, 
ah"ht a •piari'-r ••!" .t v.iWr wid*-. with ••erasional hoidders and 
aii apin:ir!i!n-i- nl l««w ridiri-^. At \\< edire the road cM^uie* out 
iijiMn a ^a[;il j»!riin with diin»<, ami lin-n descends through the 
ravin*- ^^i a ^inail -trrani. In thi-; ravine the lino-bedded silts 
and <'jay- ai^ain apjuar. ap.d I'mpj ihi- place tt» the ti»wn, half 
a niiii- <li-tant, \\u' r-^ad ]»a<-i- over liie surface «d' a level 
-andy p'.ain. M«-a-iiri d i"r'»i!i th*- >tati«»n at South River the 
altil'.ui'- "l" t!i«- iMit irrrac'i' i- ah'^nt \/l'l^^ feet above sea level. 
At a:i"ili»r p-iiisi. aho'ii iwo niile> >i»nth rd" South Kiver, two 
terrai'i-s all- f<'i|jul ^^\\ ,x >aiulv hilUidt- at altitudes of about 
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l.llMi ami l.li».") \\'*'\ ahov.- the -tation.anil on another isolated 
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hill at an altitude of about 1,215 feet. From the top of this hist 
hill there is a wide view over the surrounding country and it 
could be seen that the flats at South River are continuous 
through to Stony lake, and they also extend a long wa}' east- 
ward up the valley of South river. In that direction the hills 
bordering the flats appeared to he terraced at 50 or 60 feet 
above the flats, agreeing closely with the level of the shore line 
west of South River station. Half a mile north of the station are 
Dunbar's falls, where the river was diverted to one side of its 
former valley and thrown upon a rocky ledge. From this it falls 
more than 100 feet and has excavated a deep ravine towards 
the north. It is apparentl}' certain that the whole sandy plain 
at South River is the surface of a great silt bed. At a point 
about three miles north of South River the railroad crosses a 
marsh about two miles wide. This is the top of the grade of 
the railroad, and its altitude on the profile is given as 1,-02 
feet. The west side of the swamp is bounded by a great 
gravel ridge, which looked from the distance like a beach, but 
which, on close examination, proved to be a ghicial moraine. 
Its summit rises about SO or 1)0 feet above the marsh, is very 
uneven and covered with many pits and hollows. It has been 
excavated for ballast b}' the railroad, showing it to be com- 
posed of all grades of material from fine sand to large boul- 
ders. About half a mili? north of the gravel i)it tiie moraine 
slopes rapidly northward down into the deep ravine of South 
river, and looking from the edge there may b<* seen at a 
distance of three or four miles to tiie north a v^ry conspicuous 
shelf which appears as a long horizontal line extending along 
the east side. This shelf is ver}' close to the level of tiie beach 
at South River, and I have no doubt that it represents the 
highest line of subniiTgcnce. It was n<*ar the mouth of tlu? 
ravine and was exposed to the northwest over lake Nipissing. 
Trout Crvvk. The high tiTrace just mentioned must be 
close ti> the station of Trout Creek, probably within a mile or 
two to the soutii, but it did not appear to be accessible in the 
short time at our disposal. Our ctl'orts to explore the vicin- 
ity of this place were rather unfortunate. We arrived only a 
little before dark and it began to rain immediately. We drove 
westward about tw(» miK*s over a sandy ])lain to the bridge 
over South river, where we found a fresh excavation in the 
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liiifli liank i*\\ ilif i-a-it «itlf. whii-h *howed a *plendiil section 
of th«- lnn*-l>fddL'd •ihs Jind indicated that the wlmle plain 
t.iv«.-r whirh wi- }iad ]»a?i!r»-d i-J of that oniupositinn. There are 
al-.i -it-vt-ral duiP-'ii i'li ih»- phiiii. Southeast i»f t!ie rotation 
aloriir the ha-i- tif x\\*: liill thi-n- i* a rut terrarr aliniit :JU feet 
ahi'V.- tile tiat*. The ihtt-' tln.*ni*t*lve« extend ahmit two miles 
sniitliward li» th»- >«»iiih t-nd nf thi- l«»np tre-stle. They are ap- 
part-ntly p«rtV«'tly It-vtl. and jlI^t under the snutli end rif the 
tn-sih' tlit-n- i-i a t»rra<'i- in the --anii* nlation tn them a* that 
near th«- -"tatinri. and it is pr«iV»alily a eontiniiatinn <»f the 
saiiH*. In Sepii inht-r. "vhi-n 1 n-visitcd Tr«»iit (.'reek alone, it 
raiin-cl harder than h«-l<»re : hut I walked half a mile up the hill 
t«» the v\\<\ and n-ai-iird a p«»inl abnut !!•» fert ahnvi* the level 
of tin* ^tati'tii. At that plaec there aj»peared t«» he a Sort «»f 
sijiirlf fa'*lujr tin- n»»rlh\V(-^t and ctjvt-refl with a jjreat number 
iif bniildi-r*; of lar;:i* >ize. Tht-re w*-re ^^o nianv of them five t<> 
>i.\ r«»'t tirnmre in diariu-ter tiiat the r«»ad Jiad ti» bi* erooked 
ahmii ti» tind a way aiiiMn^ iJH-ni. Tlir altitude of this i>laco 
\< alnMit 1,14.") flit abovi- iIr- -ira. On tin* l>a?iis of iju* Jibser- 
vatioii* ;tt Sundriiliri.' and Snuth Kivi.*r the bouldt-rs nu the 
hilUi«lr an- pr«'hal»ly •«»nn-wiial h-*'- than 1<M.» ffct below the 
levi-1 of th»- hiiriu-'t bi-a«'h. < 'i»nsiderinjj: the very exposed 
pii-^iti'in of thi-i hilNidr, I >hMnld i-xjhm-i to finil the highest 
lu-a«'h stronirly drv«-lMpi-d. Kn»ni thi** point the hills at the 
>upi»oMd hij^ht of ihi- -lion- line rxti-nd slijrhtly north of oast 
to th«- valltv ui' ihi.' (.)ttawa river and also toward the west- 
SMUthwi— t I^o or lo iiiilr-i. l*awas»?an, seven miles north of 
Tr»»iit < rt.M'k and ab<tut IT') feet lower, is also an interesting 
Ineality. Hesides fra^ruii-ntarv beaeh ridj^es of jjravel, the 
silt b<d> are e\ten>ively developed anil lie apparently in a 
more expM-^i-d imsiiinn than usual. Of the other localities far- 
ther iiorili. whieli Were vi>ited oji these exeursions, a separate 
ae<-i.uiit lias been ^iven in :,noiln-r artieK*.* which is virtually 
a eii!iiinualii«n nf this althou^rh it was earlier in publicatir»n. 

■''ri:- AiM'i'ii' >iv.ii" ;ii N-.|--^^:iiL'." I '.n!lii ill. < J»mi1. S»c. of Amt-rica. 
\.... \. [.ii •'•■."■-< "i".'" I . \v:!": Thai"". Aj'!-; il". \^\^\. >b-nliun shuiild lijivt- 
!»■ • II i:i:.'!' ;i. 'i.!-- I...!"!- •>• il^- i;n-i :ii;ii rr..t.<i. Kr»Mlrrii*k Wrisrlil and 
].;i!'_\. .!ii'i;ii;r._ 1'!..!. A. \. \\'m::Ii'. \i^if«il <iimi' nf till' srravel \\\\> 
• -.-IS- .■: < ;.r'i- I- III III- ;r;ijMiii ■'! \^'sl >'-f Pn«i. (i. F. Wrisrhf s juiIht. 
•"Tl.- "^li-i"'- '! r«-ii: .I'li.l Oi:j:.i .-t Mi'* «ir»*;il Lakes iliroiiirli Laki- 
Ni|.; — :i;j .iii«l !!■• M.ii;;i\v;i II\' r.' lliii!'iij., Jii-nl. S»o. AiniT.. vol. iv, 
]t[.. ri:i-.~». will; Dr. H-.h. ;•! |;,i; -s |, jii.-iiKN ill jlisi'ii>sinn. i»ii. 42ri-7. 
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The highest shore line was found on the hills north of North 
Bay at an altitude of about 1,140 feetubove the sea level, and 
again eight miles east of Cartier on the Canadian Pacific rail- 
way at about 1,200 feet. 

SuMilAKY AND CoNCLirSIOXS. 

The altitudes of the beaches observed are summarized in the 
following table. The measurements were all made by aneroid 
from points of known altitude near l)y. The letter r stands 

for beach ridge and the letter f for terrace. 

Jiarrii' r 7S() 

LoriH'villc r 815 

Orillia t K\() 

Midhiml t S:>n 

Orsivfiihurst r S*J.")-|- ? 

l{ra(M'hri<l«re /• S)75 

Hunlsvillf t l.uno 

Hunk's Falls (S|)«.-ik'«'1') 1.171 ? 

Sundridjr*' r 1 ,20.") 

South Iliwr / l,-->in 

Tnml CrtM-k / l.I4r)4- ■' 

Xorili 15ay (at Nelson's) /• l.UO 

CarliiT / 1,-J(M) 

The facts show elearl}'' that the same water that filled tlie 
ancient channels in the southern higlihiiids (extended far to 
the north and west. It evidently covered all the lowlands of 
this region and, as indicat<»d by the altitude of the shore line, 
made a strait over lake Xipissin^ at least 2J) miles wide and 
600 feet deep, and probably an(>ther farther north over the 
hight of land to Hudson bay. There is also much reason for 
supposing its extension down the Ottawa valley to the lower 
plains of Ontario and the area of well established marine sub- 
mergence. But it seems probable that the hij^hest shore line 
has not yet been recognized in those parts. I am, therefore, 
much more confident of the truth of a statement maih? in a 
previous paper,* that the? upj)er beach of the Nipissing region 
is one with the Inxiuois beach of the Ontario basin. The coun- 
try through which the (rr»nnecting link probably passes is ex- 
tremely rough and the difliculties of exploration will be great, 
but probably not greater than those of some otiier regions 
where good results have rewarded persevering explorers. 

♦"Tht? Hiffliost Old Shore Line on Mackinac Island," Am. .Innr. Sci., 
Ill, vol. XLIII. pp. 210--^1.S, March, \>i\yZ. 
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At several of the places mentioned the shore lines are in 
long valle}'? between the hills, and must have been man^' miles 
from any large open water. This is the ease especially at 
Iluntsville, ]iiirk*s Falls, Sundridge, and South River. On 
this account it might be thought that these evidences of sub- 
mergence were not produced by the wider waters which filled 
the basin of the upper lakes, l>ut were due to lakes of the gla- 
cial recession, or to some other local cause. But I am quite 
certain that such is not the case. These valleys are wide and 
have open connection with the broader lake basin outside, and 
tile plane of the shore lines in them appears to be the same as 
that of the greater outer beaches. These valleys open to the 
southwest and west, away from the probable direction of ice 
retreat. Tht? one which passes Sundridge and South Kiver 
opens both to the southwest and north. The magnitude of the 
phenomena also comports well with the strejigth and charac- 
ter of the outer lines. At the time of the great submergence 
this (M»ast was somewhat like the present coast of Georgian 
bay. excej)t that botii channels and islands were on a much 
larger scale. The highest part of the highlands lies 30 or 40 
miles to the east of liurkV Falls, and is comprised in the Al- 
gontjuiu I^ark lately j>n ejected by the Canadian government.* 
P'roni all that I have boen able to gather concerning the char- 
acter of that region it seems probabli? that nearly the whole 
tra<*l was intersected by channels which cut it up into islands. 
The highest lakes rejxu'ted in that region have an altitude of 
about l,4or) feet above the sea. 

In the Sinicoe region and to the west Dr. Spencer found a 
nijirked rise of the Algomiuin beach toward the east. Our 
o))sorvations in the same region were less extended and less 
precise than his, but so Tar as they go they show the same re- 
sult. For instance, the locnlity near Lorneville is about 30 
miles east from Harrie and only two or three miles north. But 
the beach at the former plaee is about 35 feet higher than at 
the hitter, showing an eastward rise of nearl}'' one foot per 
mile. Orillia is nbmii 13 miles east and the same distance 
n<u*th from Barrie and the beach is about 50 feet higher, show- 
ing M rise of more tiuin three and a half feet j)er mile to the 

^Ui'pori nl' till' ( 'ninini>>ii»ii <iii rnr»'si PrrsiTvation and Natiniinl 
J»:irUs. I'lc. isn:;. 
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northeast. The beach near Midland is about 22 miles west 
and ten north from Orillia. But its level is ten feet lower. 
This probably does not mean a nortiiward descent from Oril- 
lia, but rather a strong eastward rise from Midland. From 
the locality near Lorneville to that near Midland is about 40 
miles west and 20 miles north; but the beach at Lorneville is 
five feet the higher. The beuch at Barrie, however, is 40 feet 
below that at Midland, showing that the apparent absence of 
the northward rise is due to tlie obscuring etfect of the east- 
ward rise. The same is probabl}' the case between Midland 
and Orillia. The value of a comparison where the dilferences 
are small, however, is considerably impaired if it depends on 
measurements made b}' aneroid barometer, as is the case with 
our work. 

From Orillia to North Bay the direction is nearl}^ due north, 
and the intermediate places deviate but little from that line. 
The measurements of altitude are probabh' fairly accurate at 
all the places except Bracebridgc, where the weather condi- 
tions were not good, and the margin of error ma}' be somewhat 
larger. Taking the figures as we have them, the northward 
rise from Orillia to Bracebridge is a trille over 4 feet per mile; 
from Bracebridge to Huntsville, less than lifeet; fromlFunts- 
ville to Sundridge, about it feet and 2 inches; from Sundridge 
to South River, about 8 feet; and from South River to North 
Bay, a northward descent of about 2] feet per mile. 

Perhaps tlie most int(;resting result of these excursions was 
the finding' of the great silt beds. When we take into ac- 
count all their relations to the adjacent glacial and postgla- 
cial deposits, the wideness of their distribution, and their 
remarkable uniformity of composition in all places, it seems 
impossible to miss their meaning. These deposits were found 
not only in the highlands east of Georgian bay as here de- 
scribed, but also at several otiier distant pla<?es. They were 
found at Superior opposite Duluth, and at Sault Ste. Marie; 
at many points along the Spanish and White Fish rivers north 
of lake Huron; all along the north side of lake Nipissing, 
and up the valley of the Veuve; at Pawassan. Trout Creek, 
South River, Burk's Falls, Jluntsville and Bracebridge, on the 
line of the Northern and l*acific »Juncti(ui railway; in the 
valley of the Oswegatchie river near Kdwards and South Ed- 
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wards, N. Y. : and a^ain in tlie valley of the Missisquoi river 
in northern Vermont. In all these plaees this deposit prerients 
not only tlie same general appearance and rehition to other 
contiguous deposits, but also a remarkable uniformity of finer 
details. Take, for example, the silt beds at Braeebridge. 
The whole set of phenomena at this place is extremely in- 
structive. The laminations of clav and silt are associated in 
pairs which are almost without exception about iuilf an inch 
in thickness, (.)n weathered surfaces the principal part of 
each layer is a greenish gray clay, and this is separated from 

the next Inver of clav in «*ach case by a layer of white silt, an 

... ft >■ 

eighlli to a sixteenth of an inch in thickness. There are sr)me 
variations in tin* comp<»sition of tht? deposit at each locality, 
but they jire confined chiefly to varying ])roportions of the 
tw(» nuiterials. In a few places I I'ound the clay almost ab- 
sent and the silt layer thicker than usual. In (»ther places 
the variation was rever^se nf this. It seems i>lain enough that 
the silt and tlu« clay must rej»resent two slightly' ditf'orent 
conditi()ns of sedinu'utation ; and the orderl}* way in which 
tlu? layers alteriuit<? sliows that a layer of silt and a layer of 
day taken togetiier 'onstitute one complete nnind of change, 
riiis j)oints ((► recurren<*e and almost certainly to periodicity, 
rides, storms, and the amiuai round of the seasons, are the 
only recurrent variations liabii- to ailVct sedimentation. Of 
these the tides and the sc*asons are periodic, but storms are 
irregular. Neither tides imr storms allord a satisfactory* ex- 
planati<>n. For th«* one is much too short in its period, and 
tlu^ other too irreguhir. It seems im[)ossible that the pairs of 
layers can re])resent anything but annual i)eriod8 of deposi- 
tion, and if this l)i* tiie case several important conclusions 
follow, (onsidering the great thickness of the wholedeposit, 
the length of tinn* whieh must be all«»wed for its formation 
can hardlv be less than several thousand years, indeed, if 
we sup])osr tilt' la ruinations to be uiiiform, and the niaximuiu 
deptli of thr whole «»riginal (le|)osit to have been 100 feet, the 
time of (b-position would be about !i. 500 years. And this, it 
should be n(»ted, would be nut tlu* whole lime of the submer- 
gence, but only the lime during whi<'h the conditions of still- 
water sedimentation existed at that level, not counting the 
two periods unfavorable to this kind of sedimentation, one as 
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the water was rising and the other as it was receding, during 
both of which shallow water conditions prevailed. The gravel 
beaches and silt beds, with the intervening zone of dunes and 
sand ridges, complete the testimony that the submergence 
was not only of long duration, but that it was an invasion of 
waters of great extent. Taken alone the silts prove only a 
long duration of time, such as might charnct^^rize the depos- 
it« of a small lake. But the gravel spits and beaches were 
made b}' waves, which came in from Georgian bay over the 
basin of Muskoka lake, and these forms prove the wide ex- 
tent of the water. 

It has been held by many that all the abandoned relics of 
submergence found within the St. Lawrence basin are due to 
ice-dammed lakes formed during the glacial recession. But 
the shore lines have now been traced so far northward toward 
the cent<jr of the glacial radiant of the Laurentide plateau 
that this view seems no longer plausible. The inference near- 
est at hand is that the submergence was an invasion of the 
sea and that the Great Lakes were connected with it through 
a strait over lake Nipissing. It is not more than 25 miles 
from the Nelson beach northeast of North Bay to the nearest 
point on the Ottawa river above Mattawa. There is much 
reason to expect that exploration will ultimately prove that 
the upper silts and gravel beaches of the highlands of all the 
upper Great Lakes are of the same age as the higher postglacial 
marine deposits of the lower Ottawa and St. Lawrence valleys. 
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/. ProhU.htii uttil Pi'o(n't.*^. " Pr<"ibleni« settled in the 
rough and readv wav hv rude men. absorbed in action, de- 
niand n-newed attention and *how themselves to be still un- 
read riddle*: wh«-n men iiave time to think .... doubt . . . 
refuses to he east out." In such a c<^»nditi«in was our knowl- 
edge of th«* historv i»f tlie Great Lakes, tributary to the St. 
Lawn-np*.\ wlicn ihi* writer eomnieneed his fragmentary studies 
fifte<-n yi-ar* ago. In these studies of tht* lakes some of the 
nw»*l intensling and important qufsti(»ns in dynamical, ogri- 
^Miltural. and artistic geolf»gy are invrilvt-d. Even if the Great 
Lakes had attracted the attention due them, their studv would 
have been impracticable at an early date, at least until after 
numerous >oun(lings had revealed their character: and until 
the raihvjiv surveys were made. f<ir these furnish data for 
quantitativr niea*Mrement<. Many deep well-borings were 
needed t'» di-ic«iver the buried valleys: and the surveys of the 
de>i-rt«'(l «ihore«. have ileliniiled the Ixumdarles of the shrink- 
ing I'ike*, and made known the deformation of the earth's 
crust. 

From iiiliniat<* familiarity with the topographic features (tf 
the southern -»tate>. and by comparing them with those of the 
jjike n-gion, one can easily se«- that there would be very little 
ilitlerrnee betwe4-n the features of the two areas, if the super- 
fi«*iai drift at the north were removed and the country were 
tiun eoinjiared with tlj;it at the south where there is nt) sucli 
niJintie. Acenrdingly the nu'teoric (»rigin (►f the great St. Law- 
nner ha>in sugge>ts itself: hut the basin has been obstructed 
and s<v«ral great lakrs now occupy what were once broad 
rolling plains. Hrl'(»re men had time to study tlie lake history 
we were told that the lakes were valleys of erosion, but how 
tln'V were niach* was hardly a iiu('stit)n worthy of considera- 
tion. Later, it was an etiuall^' rough and ready method to tell 
us ilijit the basins were excavated by glaciers. Their whole 
history is not yet written, hut many chapters are now before 
u*^. Kxlra<-ts of tinsi- will ])e given in their natural order 
(not In that of the discovt-ries), so that a short story of the 
lakrs ean be told. 

J. Fin' III i r ili'iih ('inifimriifiil Kh'VdtUm. As will be showii 
in tin* next paragraph, tli<* basins of the lakes are more or less 
like erosion valleys. The deepest soundingof lake Ontario is 
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491 feet below sea level; of lake Michigan, 202 feet: of lake 
Huron, 168 feet; and of lake Superior, more than ^400 feet. 
Consequently, if these were erosion valleys, they must have 
been formed at such an altitude that the drainage of the 
region could have descended to the sea. As collateral evi- 
dence of the high elevation, we find that the lower St. Law- 
rence river and the Gulf are only a deeply submerged river 
valley, with tributary canyons, having a general depth increas- 
ing from 1,200 feet to 1,800 feet, but much deeper at the edge 
of the continental plateau. Hudson strait, the Gulf of Maine, 
New York harbor, and other points along the continental mar- 
gin, reveal great submerged canyons that were once river 
valleys. Indeed, portions of the continent were once very 
much higher than now, especially' in the south, where the 
coast and the Antillcan region appear to have sunk from (me 
and a half miles to two and a half miles during the Pleisto- 
cene period. These changes of level have been in undulations, 
with the greatest subsidence along the coastal regions, and 
more particularly in the south than in the north. But this 
forms a separate and partly written chnpter, in which much 
progress has recently been made. It is sutlicient to know that 
the lake region has stood at a high elevation during most of 
the time from the Carboniferous to the Pleistocene davs, 
which were followed by changes of level resulting in the 
present altitude of the hind.* 

r>. Character i>f the Lnkt Bnshis, The vallev-like charac- 
ter of the lake basins appears to be challenged when the casual 
observer linds that some of the outlets are mostly obstructed 
by rocky barriers. This condition gives rise to the hypothe- 
sis of the glacial origin of the basins, for the theorist did not 
stop to compare the course of thebarsins and the escarpments 
with the direction of the glacial stria*. However one might 
doubt the correctness of the tluviatile hyj)othesis, the futility 
of the glacial origin could c)nly be confirmed when the causes 
of the barriers closing the lakes were discovered, which will 

•Previous pajwrs on this suhji-ct by the in'rs»Mil. wriliT jin': '"Hiirli 
ContineiitHl Elevution pr»*C(*(]iiii: th«' Plrisioci'in' in'rio<|," JJulli'tiu (hm)1. 
St)C. Am., vol. I, 18S1I, i)p. <M-70: ••l\)si-Plt'istor«'in- Siibsidnici* vi-rsus 
Glacial Dams," Id., vol. ir, IStIO, pp. ICu-lir.: ••Trrn-strial Siibsid.-iuM' 
southeast of the Amoriciin CuntiiKMil," Id., vol. v, ISIKJ. pp. ll»-*i*2, Kach 
of these papers is jiccompiinit.'d with u map. 
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be shown to have been the drift filling the old valleys and the 
warping of the earth's crust. Hut the basins are river-like 
and broad submerged valleys. Lake Ontario is 247 feet above 
the sea, but its greatest depth is 738 feet; and throughout a 
considerable portion of it, the southern side is bounded by 
high vertical but submerged walls, which for long ages formed 
blulf's along the ancient river.* Besides the longitudinal 
trough, another deep channel crosses the basin east of Toronto. 
Lake Erie is 578 feet ab(»ve tide, but it is generally less than 100 
feet deep, except over a small area where it is 210 feet: but 
beneath the waters of the shallow basin there are many buried 
channels, the deepest of which, at Cleveland, is 228 feet 
(Newberry). Lakes Michigan and Huron and Georgian bay, 
are at (me altitude, ;")N2 feet above the sea. Georgian bay is 
generally less than 200 feet deep, but at its southwestern side 
a channel reach<'s U\ a depth of Ty\{) feet, in front of the foot 
of a ver}' high escarpnu^it, part of which is submerged. An- 
other submergt'd escarpment crosses lake Huron. This has a 
descent of more than 400 feet. The deepest sounding is 750 
feet. The two basins of lake Michigan (respectively 864 and 
576 feet deep) have vertical submerged escarpments adjacent 
to them. Also there are some deep channels and fjords, one 
of which is 612 feet deep. Lake wSuj)erior has been studied 
less. More or less drift is known to occur between the lake 
basins, like that filling the submerged channels under lake 
Erie. The buried valle3'S will explain the connection between 
the lakes. 

Jf. G'ltff'iafioH of tho. Ilv{fi<m, The strite are nowhere par- 
allel to the direction of the escarpments, whether these be 
submerged or above the level of the lakes, where they form 
bold topographic features. Nor are the vertical walls of the 
limestone escarpments polished, by lateral glaeiation. In 
short, the stria? are at considenible angles, even at rightangles, 
to the rocky escar[)ments. Thus it appears that the valleys 
were not shaped by glacial action. 



*'-N(»t<*s Oh tlifOriL'iii and Histury oftli** (in'al Lakes," by tht» writrr, 
Proc. Am. Assoc. \\\\ . Sci., vol. xxxvn. isss. p. 107: ''Orijrin of ihe 
l^asinsol" ilif<Jn'ai Lak«'><»r AnnTica." by tli»' \vrit»T, Quart. , lour. (.»»'ol. 
Soc, Lond.m. vol xlvi. p. .^'iii (also in Amkhkax (Jkolooist, vol. vir, 
pp. S()-<i7, with map of tln' aiK'i«'nl Laiin-ntiaii river sy.slt'm, tY-b.. 181M); 
and earlier papers. 
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J. Buried Laurentian Valley, Below the outlet of lake 
Ontario, the valley is covered to some extent with drift, but 
the greater part of the barrier closing the lake is rocky. Be- 
tween Georgian bay and lake Ontario, the writer discovered a 
deep buried valley (by a series of borings, for there was no 
superficial evidence of it, although parallel to the Niagara es- 
carpment), beneath the great drift ridges intervening between 
the two waters. The full depth has not been reached, although 
not less than 750 feet beneath the higher ridges, and it is prob- 
ably very much deeper, as indicated by the fjords at both 
ends (in lake Ontario and in Georgian bay) ; so that here is 
the connecting valley between the submerged ch*annels of the 
upper lakes and lake Ontario. The fjords of northern Mich- 
igan and the buried channels continue the evidence that from 
lake Michigan to the outlet of lake Ontario, the ancient Lau- 
rentian river flowed partly through the basins and partly 
across the country north of Toronto. The ancient river is 
thus named to distinguish it from the modern St. Lawrence 
river. The connection of the valley of Superior with the Lau- 
rentian river has not been determined; but judging from 
soundings in lake Michigan, we may suppose it to have been 
by way of the northern end of that valley.* 

0, Buried Tributaries. A branch of the Laurentian river, 
now buried beneath 500 feet of drift, extended from the 
southern basin of lake Michigan across the Michigan penin- 
sula and the southern end of the Huron basin. This large 
tributary, which has been named the Huronian river, is of the 
same age as the Laurentian river. 

Through the Erie basin flowed the now buried and sub- 
merged Erigan river. Niagara river was not then in exist- 
ence. But the Erigan passed from the Erie basin across the 
province of Ontario to the great canyon at the head of lake 
Ontario, thus descending to the lower basin. 

Many branches and smaller tributaries are known to have 
joined these greater rivers, as revealed by the borings. In 
some cases there were no changes in the direction of the an- 
cient and modern drainage. In other cases the streams have 
locally left the original waterway's and again returned to the 

♦*'Ori||riii of the Basins of tin? Groat Lakes." cit«'d before: also "Dis- 
covery of the Pre/j:lacial Outlet of the l^asiii of Lake Erie into Lake 
Ontario," by the writer, Proc Am. Phil. Soc. Philadelphia, 1881. 
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old valleys. A characteristio of the former drainage is the 
filling of the ancient channels, above which the modern streams 
flow upon the accumulation of drift. The ancient valleys are 
relatively much shallower but broader than the modern, with 
sides more sloping and other marks of greater antiquity than 
the modern streams, where they have cut new channels in 
place of reopening the ])uried valleys. 

7. Itvversftl of fhc I)rain(t(/e of the Upper Ohio and other 
rivers. Among the earlier studies on buried valleys were those 
of Dr. J. S. Newberry, Dr. T. Sterry Hunt, and Mr. J. F. Carll. 
To Mr. Carll belongs the credit of first working out the re- 
versal of the drainage ()f western Pennsylvania, where he die- 
covered that the upper Allegheny and some other streams 
tlowed into the Erie basin before the Pleistocene period. In 
1S81 the writer, following Carll, pointed out that there is ev- 
idence that the whoh* upper Ohio river, above the Beaver 
tributary, llowed to the Krie basin. This hypothesis was am- 
plified by Dr. P. Max Foshay, and later the observations have 
been extended by Prof. T. (). ('haml)erlin and Mr. Frank Lev- 
erett, confirming the change in the direction of the drainage. 
The streams south of lake Krie generally drain a much smaller 
basin than formerly. So in New y>)rk, the upper waters 
of the Susquehanna, and of its tributaries, drained to the 
north into the Ontario basin, by way of the Finger lakes, 
which now occupy the old river courses, partially closed up 
by drift deposits and by terrestrial warping or deformation 
towards the north. 

S. C/oniHf/ o/' tht Vfilhtus info Lake Basins, The old Lau- 
rentian valley was more than a hundred miles wide, but it was 
interrupted by the deposition of drift in many places, most 
notably between Georgian bay and lake Ontario. To some 
extent the modern St. Lawrence river is flowing over a drift- 
filled valley. This obstruction has caused the modern drain- 
age to be changed from the c)ld directions and often to pass 
over rocky barriers. Hut in addition to the drift obstruction, 
we find that the recent terrestrial uplift has been greatest 
toward the northeast, producing barriers and forming basins. 
The warping has bt'cn measured and is found sufficient to ac- 
count for all the rocky barrier below the outlet of lake Onta- 
rio. Moreover this northeastern elevation has caused all the 
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lakes to rise and flood their southern and western ends, since 
the modern lakes were established. The quantitative charac- 
ter of this change will be explained in the next paragraph, 
and the effects upon the modern drainage beyond. 

9, Deserted Beaches in the Lake li eg ion and their Deformu- 
fion. The Laurentian lake region abounds with the remains 
of deserted beaches, terraces, sea-cliff's, and other evidences of 
former shore lines. The writ(»r has made an extensive sur- 
vey of these phenomena in Canada, across Michigan, in 
the Adirondacks, and in the Green and White moun- 
tains.* Mr. G. K. Gilbert did the first systematic work 
south of lakes Ontario and Erie.f Mr. F. B. Taylor has 
more recently extended the surveys north of lake Michigan 
and northeast of lake Huron: J and Dr. A. C. Lawson, 
north of lake Superior.j^ There has been very little systematic 
work in the lake region upon these problems except by the 
named observers. Some of these old shore lines, after form- 
ing highways known as ridge roads, have been surveyed for 
hundreds of miles; others are broken or interrupted. Gener- 
ally speaking, the northeastern extensions are unknown, owing 
to the want of surveys; to the changes in the topography, 
rendering their surveys diilicult; to our ignorance of the phe- 
nomena; to our ignorance of suspected modern faults; and to 
our further ignorance as to how much the phenomena are ob- 

♦•*NoU*s upon the Origin aiul Histtiry of the On'at Lakes," cited be- 
fore: **I)eformHtioii of tlie Iro(|Uois IJeacli aiul Hirth of Lake Ontario." 
Am. Jour. Sci., IIL vol. xl, 1800, pp. I4:J-+31; "Deformation of the Al- 
p>iiquin Reach and Hirtli of Lak(» Huron," id., vol. xm, 181»L pp. 12- 
21; *'Hi<rh Level Shores in tin* U»*«jfion of the (Jreal Lakes and their 
Deformation." id., pp. 201-211: "Deformation of the Lumlv H«*ach and 
Kirlh of Lake p:rie."id.. vnl.xLVii. 1804. pp. 207-212: *-Th«- ifofiuois Shore 
north of the Adirondacks," bulletin, Geol. Soc. Am., vol. ni. 1891, pp. 
488-491. Etich of these papers, exceplinj^r the one lastcit<'d, is accompan- 
ied with a map. 

f **The History of Nia*rara Kiver," Sixth Annual RefH)rt of the Com- 
miSHioners of thi* State Reservation at Nia«?ara, for the yisir 1889. pp. 
(Jl-84. with ei«rht plates (also in the Smitlisonian x\nnual Report for 
1890); Proc. A. A. A. S., v<»l. xxxv, for 188(J. pp. 222. 22:3. 

X "Reconnaissances of the Abandoned Shore Lines of (ir»*en I^ay and 
of the South Coast of Lake Superior," Amkkkan (iKOL<)(;isT, vol. xrii, 
pp. 310-327, and 30r).:{8:{, May and June, 1891: "The Anci«'nt Strait at 
Xipissinp/' Bulletin, Geol. Soc. Am., vt)l. v, pp. <J20-t>2r>. Each of the.se 
[tapers has a map. 

g ''Sketch of the Coastal Topography of the North Sid*' of Lake Su- 
perior, with si>ecial reference to the Abandoned Strands of Lake War- 
ren." Twentieth Annual Report, (ii'ol. Surv. Minnesota, for 1891. pp. 
181-289, with maj) and profiles. 
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literated b}' ire action. This last question involvcB the prob- 
lems* of subsidence of the rej^ion and of the character of ice 
dams. The writer regards the beaches as substantially formed 
at sea-level (as S(»me of the beaches unquestionably were), 
although the outlines may have been obstructed by glacier?, 
tloe- bergs, or lf»cal ice accumulations, or perhaps the north- 
eastern continuity' of the beaches is obliterated by recent 
faults. These are unsettled questions. Much is still to be 
done in the survey of the ancient lakes, yet we have some in- 
t<*resting contributions to record concerning them, even with- 
out in(|uiry here as to the still unread history. 

Fragments of beaches occur in the peninsula between lakes 
Ontario, Erie and Huron, up to altitudes of about 1,700 feet: 
and terraces are f(»und in the (*enesee valle}" at a much 
greater hight, besides others at high levels elsewhere in the 
lake region. Hut when we descend to an altitude of 778 feet, 
at the head of lake Erie, we are at a beach of great extent (to 
the northeast this rises several hundred feet); and one still 
more extensivt* is reached by descending to 653 feet. All 
the higher shore developments are the remains of the first 
waters that crovered the drift at the close of the Pleistocene 
pericKl, whether they were icre-bound arms of the sea, or held by 
glacial dams, or l)y undiscovered land barriers since deformed 
b}' terrestrial movements. The bea(!hes were water-levels, bat 
now they rise toward the north and east in increasing ratio. 
At the head of lake Erie they are nearly level ; at the eastern 
end of this lake the northeastern rise is between three and two 
feet per mile, according as we take the uplift on the higheror 
lower beaches. East of Georgian bay the deformation is four 
feet ; and near the outlet of lake Ontario it is from five to six 
feet per mile towards the northeast, but increases onward to 
seven and a half feet per mile. These rates of ascent are re- 
corded in shores not the highest; and there were many lower 
stages of th(? lakes. 

/(f. Wifft'cti Jrafcr. The contracting waters of the Great 
Lakes region, repres(»nted by the succession of beaches, the 
writer named tlie Warren water, — the ancestor of all these 
lakes; and its lowest strand is the Forest beach, which at the 
head of the Erie basin has an elevation of 653 feet above the 
sea. This lake, during part of its histor}', covered 200,000 
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square miles. But to the east it has not been defined, and its 
old margins have been very considerably tilted. With the 
continued rise of the land, the waters sunk to a lower level, 
dismembering Warren water and producing : — 

11, Ahjonquin and Lnndy Waters, When the level of the 
water fell about 150 feet below the level of the Forest beach, 
the upper three lakes v/ere enclosed within the Algonquin 
beach, and Erie within the Lund}' bench, which latter extend- 
ed to the Ontario basin. At that time the waters of the lakes 
did not reach to their western and southern boundaries of to- 
day. Toward the northeast they connected by straits with 
the waters in the Ontario basin, but their eastern limit has 
not been surveyed. 

U, Iroquois Water and Birth of tht Modern Lakes, The 
waters gradually subsided to 300 feet below ^the planes 
of the Algonquin and Lund}' beaches when the Iroquois shore 
commenced to be formed. This level has been proved to have 
been that of the sea, although it is now 863 feet above tide 
at the head of lake Ontario, 750 feet near the outlet of the 
lake, and nearly 1,500 feet at the northeastern extension of 
the Adirondacks. Tlie old water plane is recognizable, by 
either continuous or interrupt<.»d portions of its shore line, all 
the way to the depression of lake Champlain, but it is not yet 
fully known, especially as to its location north of the Ottawa 
river. Lower beaches are also known in the Ontario basin. 

With the subsidence of the waters to the Iroquois level, the 
upper lakes shrunk within their narrow limits, and the Niag- 
ara river had its birth, at first draining only the Erie basin, 
whilst the three upper lakes outflowed by way of the Ottawa 
valley. Indeed, the Iroquois waters sunk more than 220 feet 
below the Iroquois beach, thus greatl}' reducing the area of 
that lake. The waters of the upper lakes also sunk so as to 
form sheets of very contracted proportions. B}'^ the continued 
rise of the land towards the northeast, the rims of the lakes 
were raised, backing the waters in the basins and extending 
the modern lakes as we see them. This" rise was intermittent, 
but, for the average of the secular episodes of movement and 
repose, the warping in the Niagara district appears to have 
•been a foot and a quarter in a century, and it was double that 
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umount at the outlet of lake Ontario, but almost zero at the 
head of lake Erie. 

/./. II is (or If of (hfi Xiagara Hirer ami Chfmffcs of the Out- 
lets of the LaAetf, From a recently written paper I make the 
following extracts, concerning the changes and recession of 
Niagara falls (Plate VIII). Upon the dismemberment of 
Lundy water, the Niagara river came into existence, and for 
a time (taken as 1.000 years) drained the infant lake Erie 
without cascading over a fall. The waters of the lower lake 
slowly sunk so that the tr^tal hight of the fall was 200 feet, 
with only the drainage of the Erie basin, or about /, of the 
modern volume of the water. The early falls are almost ex- 
acth' reproduced in the magnitude of the American falls. The 
duration of the first episode is computed at about 17,200 
y^ears. Again the waters subsided in the Ontario basin (80 
feet lower than now) so that the total descent was 420 feet. 
At that time the falls receded by three cascades (like the Gen- 
esee of to-day), at first with only the discharge of the Erie 
basin and afterwards with the drainage of all the upper lakes. 
This condition is computed to have lasted 10,000 years. Then 
succeeded one united fall of 420 feet, which lasted 800 years. 
Finally the northeastern part of the Ontario basin rose so that 
the descent of the river waters was reduced to 365 feet and 
afterwards to about 320 feet (the downfall from the head of 
the rapids above the falls to the lake below). This adds 3,000 
years to the age of the falls. Thus, it can be seen that the 
age of the Niagara river is com])uted to be 32,000 years. It is 
\utvr well established that the three upper lakes have dis- 
charged only a <N»mparatively short time into the Erie basin, 
having formerly siMit their waters to the Ottawa river. This 
change in the direction of the outlet is calculated at 8,000 
years ago, when the northeastern terrestrial tilting turned the 
drainage into the Erie basin. 

About tiftfcn hundred years ago, the differential uplift in 
the Niagara district an<l tlu* recession of the falls through the 
Jolmson ridge, a short distan<*t* bvlow the present site of the 
falls, wert' competing for the mastt^ry, and in the meanwhile 
the four upper lakes rose so high as to commence to send their 
waters to the Mississippi river. Hut the ridge was cut through 
and the waters were lowered to the exclusive Niagara drain- 
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age. If the terrestrial elevation of the land shall continue as 
for the last 1,500 years, the barrier across the outlet of lake 
Erie must rise so high as to turn the drainage of the lakes into 
the Mississippi, by way of Chicago; and it is computed that 
the end of the Niagara river and falls, under such conditions, 
will be about 5,000 years hence. 

All these estimates are based upon the rate of recession of 
the falls and the amount of work done in each episode, as dis- 
covered in working out the history of the lakes. In 1842, 
Prof. James Hall made the first instrumental survey (»f the 
falls. The next was made in 1875 by the Coast Survey. In 
1886, Prof. R. S. Woodward made the third; and in 1890 Mr. 
Aug. S. Kibbe made the last. From these four surveys, the 
mean rate of recession of the falls (that is, the mean elonga- 
tion of the gorge) was found to be 4.17 feet a year. But the 
river in the region of the falls is now crossing a pre-Pleisto- 
cene valley, where the hard surface rocks have been removed 
for 80 or 90 feet in depth beneath the rocky ridge crossing 
the course of the canyon.a short distance below the present site 
of the falls. Thus the amount of work now being done by the 
river is much less than the average demand upon the stream 
during the greater part of the life of the river. Before 1875 
all statements as to the age of the river were pure conjectures, 
but that of Lyell was nearly correct. The estimates made 
upon the retreat of the falls alone have proved to be not even 
so accurate, although the method was better as far as it went; 
but it stopped short of the history of the falls. Again, spec- 
ulations as to the ancient Niagara flowing down by the Whirl- 
pool-St. David's valley have been disproved by the rock which 
crosses that course hundreds of feet above the lake level; in- 
stead, the Niagara here touches a little buried tributary of an 
ancient stream to the west. 

In conclusion, the Niagara falls serve as a chronometer of 
geological time, as they give some idea of the epoch of the 
lakes. If the Ice age ended with the birth of Warren water, 
then we can roughly estimate it to date back some 50,000 or 
60,000 years. At the birth of the Niagara river and falls, and 
long before, there was no ice barrier in the Niagara district. 
Lastly, if we regard the Iroquois water as at any time ob- 
structed by ice, such conditions have not existed since the 
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close of the episode which ended 14,000 years ago. Whilst, 
however, the date of the decadence of the Ice age in this region 
is told, the falls do not necessarily record its termination in 
other and distant regions. 

li. Iter nr rent Drainage of the Great Lakes into the Mis- 
sisaippi Hirer ffi/ trai/ of Chicatfo. Long ago, Dr. E. Andrews 
described the deserted beaches south of Chicago, and found 
that the highest reaches an elevation of 45 feet above the 
lake. For many miles around the head of the lake, the de- 
serted shores are found far inland. There are other raised 
beaches near the lake. The different sets form an apparent 
succession, ])ut in reality there is confusion between the old 
WMter-niargins and the very recent beaches. The low plain at 
the head of the lake rises so gradually that at the divide be- 
tween it and the Mississippi drainage southwest of Chicago it 
is onl}' eight feet above the lake, with a rocky floor a foot or 
two lower (can«l surve}^). In proceeding northward along 
the margin of the Michigan basin, beaches are found emerg- 
ing fr(>m beneath the waters. From the measured deformation 
of the various sets of deserted shores, the depth to which 
the tilted beaches are depressed beneath the lake can be 
calculated.* These record the shrinking of the lake from the 
highest level south of Chicago to others even hundreds of feet 
beneath. 

The Kidgeway beach extends from the Erie basin across 
southern Michigan, by way of Saginaw bay and the Grand 
river valley, and southeast of lake Michigan it descends and 
is lost in the sand dunes of that region; but, with the meas- 
ured rate of deformation, it is computed to pass about 40 feet 
beneath the surface of the water. The Forest beach, the last 
strand of Warren water, is about 100 feet lower. The still 
lowfr Algonquin beach (the great shore line of the dismem- 
bered upper lakes) occurs well defined about the northern 
half of the lake (Andrews and Taylor); but if produced to 
the southern end of the basin, it would be submerged between 
ir)0 and J}(H) fci't. There are other lower and less important 
dest-rted shores; but all these represent the subsiding of the 
lakes during the time of discharge of the waters of lake Huron 

*'*Hiirli I.t'N.I Slmri's inilu- n'irinii o[ llu* Gn-at Lukes and th<Mr IV- 
f«»rinaii»»ii."' bclorr oUrd. 
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by way of the Ottawa river, which is found to have drained 
the Huron, Michigan and Superior basins for about 24,000 
years. 

The highest of the beaches about the head of lake Michigan 
(at 45 feet) has been regarded as the equivalent of the Mau- 
mee beach, or not a lower strand, and therefore the oldest well 
defined beach of the region, although it is only a few feet 
above the present and recentlj" deserted shores. 

Owing to the terrestrial deformation, the Ottawa outlet of 
the Huron basin was closed by the rim being raised so high as 
to turn the overflow int<> the Erie basin. This northeastward 
uplift also affected the outlet of the Erie basin, and on ac- 
count of the presence of the Johnson ridge, about a mile north 
of the present site of the falls of Niagara, caused an actual 
overflow of the drainage of all the upper lakes into the tribu- 
taries of the Mississippi. At that time the lacustrine silts 
upon the prairies at the head of lake Michigan were laid down. 
But the Niagara falls were receding at the rate of about four 
feet a j'ear and completed the incision through the Johnson 
ridge about 1,500 years ago,* thus overcoming the terrestrial 
uplift of the Niagara district (which is about a foot «nd a 
quarter a century ), and then the level of lake Krie was lowered 
to about 17 feet below theC-hicago divide. The slightly raised 
beaches about the head of lake Michigan mark this late sub- 
siding of the waters. The lowering of the waters b}'^ the 
recession of the falls has preserved the present outlet of the 
lakes for a further period, but if the late rate of terrestrial 
deformation shall continue in the future, the drainage of the 
upper lakes will be diverted from the Niagara into the Missis- 
Mppi in perhaps 5,000 or 0,000 ^''ears, so that this result will 
be reached before the falls shall have receded to Buffalo. 



DRAINAGE SYSTEMS OF THE CARBONIFEROUS 

' AREA OF MICHIGAN. 

By K. II. MuiiGK. Beldinf^. Mich. 

The rock formations of Michigan commonlj' referred to the 
Carboniferous period, include the Subcarboniferous limestone 

♦•'Deformation of tlu? Luiuly Hrucli juul Hirlh of Liik»? Kri»'," b«'fon* 
cit<HL 
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and the Coal Measures proper. The former is of limited de- 
velopment and often entirely wantinjjf. The area occupied by 
these formations is roujijhl}" circular in form and is located in 
the central part (jf the lower peninsula. It covers not far 
from 10,000 S([uare miles, including fourteen entire counties 
and parts of as many more. 

BolNDAKY <»F TIIK DlSTUICT. 

The surface is so generally covered with drift that its exact 
limits cannot he readilv ascertJiined. Much of the boundary, 
however, may be located with reasonable accuracy from the 
presence of occMsi(»nal outcrops. According to Prof. Romiii- 
ger(Geol. Survey of Mich., vol. in, 1870), the boundary is 
about as follows: (-ommencing at a point on Saginaw bay. 
in the northern part of Huron county; thence southwesterly 
in a gentle curve to the southern part of Jackson county, 
within ab()Ut 30 miles of the southern state line; thence north- 
west to the vicinity of Grand Rapids, about 25 miles from 
lake Michigan; thence north, northeast and east with a sweep- 
ing curve, to the north shore of Saginaw bay, opposite the 
place of beginning. From Grand Rapids to the vicinity of 
Saginaw bay the location of the boundary is largely guess- 
work, owing to the heavy drift with which the region is cov- 
ered. 

ToriXiUATHY. 

A marked depression crosses the peninsula from Saginaw 
bay to the mouth of Grand river, dividing the Carboniferous 
area into two nearly e([ual parts. Its direction is southwest 
from Saginaw bay to the mouth of the Maple river, in Ionia 
county^, thence west to lake Michigan. According to the late 
Prof. A. Winchel], one may cross the state along this line 
without reaching an altitude greater than 72 feet above the 
lakes. The highest point is in Gratiot county, probably in 
North Star township (T. 10 N., R. 2 W.), where the waters 
Mowing into the Had and Maple rivers separate. The northern 
and southern portions of the district incline gently to the 
central d<*pressioTi. The j)()int wliere this depression crosses 
the western margin of the Carhoniferousarea is but a few feet 
above lakt' Micliigan, the site of the union depot in Grand 
Rapids, having an altitude of only 20 feet. The eastern end 
of the depression nuM-ges into Saginaw bay. From these two 
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low-lying points the boundary rises in each direction. The 
northern rim attains an altitude of about 500 feet, reaching 
well up toward the high northern plateau. The elevation of 
the southern margin is perhaps a little greater. 

The Drainage Systems. 

An inspection of a geological map reveals at once an inti- 
mate coincidence between the drainage areas of the district 
and the limits of the district itself. The boundary as above 
described, except where it crosses the central depression, 
marks, approximately, the watershed between the streams 
draining the district and those flowing in various outward di- 
rections. This peculiarity is more particularly noticeable 
along the southern margin of the territory. From the vicinity 
of Grand river on the west, to Howell on the east, a distance 
of about 150 miles, the coincidence is nearly continuous, the 
only notable exception being in Calhoun county, where the 
northern branches of the Kalamazoo, rising some distance 
within the district, flow outwardly across the border. From 
Howell northeast to Saginaw bay, the boundary is some dis- 
tance west of the watershed, the eastern members of the Sagi- 
naw river system rising outside the district and flowing in- 
wardly. On the northwestern border for a distance of seven- 
ty-five miles, the Muskegon river is withini the boiindary and 
only a few miles from it, thus apparently contradicting the 
rule laid down above. Nevertheless the rule is in some de- 
gree applicable, as will be seen later on. 

There are two principal river systems in the district, the 
Grand and the Saginaw, which carry otf nearly all the water 
falling within it, and but very little from outside territory. 
The lina of separation between them runs from the margin of 
the district in Livingston county in a general northwest di- 
rection to Mecosta county. The territory drained by each is 
broad and irregular in shape, while nearly ever}' other stream 
of importance within the state occupies a more or less elongated 
valley. The only remaining river worth}' of mention within 
the district is the Muskegon, which drains a narrow strip on 
the northwestern margin. 

Genesis of the Rivek Systems. 

That the history of all the streams in this region dates 
from the close of the Glacial period is quite apparent. For 
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the most part there is no evidence to show that they occupy 
the sites of preglacial river valleys. With few exceptions 
their courses were determined by the conditions existing 
during the period of the disappearance of the ice-sheet. To 
understand those conditions clearly, a brief glance at the pre- 
glacial aspect of the (/arboniferous area will prove of value. 

The close of the Devonian found this area isolated from the 
main ocean, having been entirely surrounded by deposits of 
that age. It, however, retained one or more outlets through 
which its surplus waters were discharged. During the nu- 
merous oscillations to which the land was subjected during 
Carboniferous time this area was alternately an open sea in 
which heavy sandstones were deposited and an extensive 
swamp sulficiently stable to support a luxuriant flora. In 
either case there was always a large amount of surplus water, 
and hence the exist<?nce of the outlet was probably continu- 
ous. Now, when this inland sea was finally filled by the con- 
tinued formation of off shore deposits the central part was 
presumably the newest and hence the lowest, giving a slightly 
concave form to the surface; the concavity being broken 
through at the points occupied by outlets. It seems probable 
that these outlets were two, one to the east discharging its 
waters through the St. Lawrence valley, the other flowing t(» 
the west for some distance and then south to the ocean. 
Starting in this condition the area was subjected for sonic 
millions of years, during Mesozoic and C-enozoic time, to un- 
interrupted erosive influences. The result was a transforma- 
tion of the circular concave surface to a trough-like configu- 
ration : the main drainage channels occupying the line of 
least elevation across it, and the northern and southern por- 
tions sloping to the center. At this stage of the erosive 
process the country was overwhelmed by the glacial invasion. 
It is alread}' obvious to the reader that the present configura- 
tion is not particularly ditlerent from that just outlined. The 
central depression is still a marked feature, and the two lat- 
eral i)(>rtinns incline gently towards it. The glacial forces 
modilied it, but could not obliterate it. Its origin therefore 
dates from the close of the Devonian age. We are now pre- 
pared to consider intelligently the origin of our river systems. 

(llacialists are generally agreed that the direction of ice 
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movement over the lake region was from northeast to south- 
west, with local variations caused by river valleys or other 
already existing surface irregularities. Thus, it is presumed 
that lakes Huron and Michigan mark the sites of former im- 
portant streams, in the valleys of which the erosive force 
exerted was necessarily much greater than on the highlands, 
and hence the formation of the broad lake basins. This in- 
tense erosive force was also felt in the valley of the eastern 
Carboniferous outlet, and Saginaw bay was the result. When 
the continental glacier receded and thinned out, its margin 
took the form of great lobes which occupied the lower por- 
tions of the land. A branch of the great lake Erie lobe occu- 
pied Saginaw bay and valley and extended far across the 
country to the southwest. In its retreat it gave rise to two 
whole families of rivers. 

The origin of Grand river was fully described by the writer 
in the American Geologist for November, 1893. It was briefly 
as follows : The Saginaw glacial lobe having retreated over 
the watershed near the southwestern boundary of the Carbon- 
, iferous district the accumulating waters flowed to the north 
and west along its front before rising high enough to pass 
over the watershed. 

Retreating to the northeast down the gentle slope of the 
country, the waters were again unable to rise to their recent 
outlet, the Grand, and a second river, the Cedar, was formed. 
It flowed to the west, uniting with the Grand near Lansing. 
Leaving the Cedar in an established channel, the glacial lobe 
continued its recession down the slope, and in a similar man- 
ner gave birth to the Looking-glass river. This also flows to 
the west, reaching the Grand at Portland. Still later that part 
of the Maple south of the central depression was formed, 
probably in the same manner. All these streams flow at 
an angle with the natural inclination of the surface. 

Though these conclusions have not been reached through a 
personal visit and examination of all the streams, it is be- 
lieved that they are entirely warranted. The problem in brief 
is this : Given a glacial lobe retreating slowly down a gentle in- 
cline, and Ivemmed in at one side and in front by an elevated 
ridge, to determine the direction of flow of the waters result- 
ing from its waste. It is clear that they would escape in the 
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lateral direction remaining open to them. Now these are ex- 
actly the conditions existing here. The circular form of the 
watershed skirting the southwestern boundary of the district 
made it impossible for the waters to escape in any other di- 
rection than that taken by the rivers mentioned. 

The second family of rivers originating in connection with 
this glacial lobe was the Saginaw system. This consists of 
the Cass, Flint, Shiawassee and Tittabawassee rivers, which 
unite into a single stream some fifteen or twenty miles above 
the head of Saginaw bay, and not more than six or eight feet 
above its level. To make out their origin in detail would re- 
quire further careful investigation, but some conclusions or 
inferences may be safely drawn. These streams, as a system, 
flow in the direction of glacial retreat, that is, down the val- 
ley. It may, therefore, be inferred that they did not originate 
in the escape of glacial waters. The courses of the Cass and 
Tittabawassee are, however, a little abnormal. The former 
rises to the southeast of Saginaw bay, while the latter has its 
source far to the northwest. Instead of flowing directly down 
the slope to the bay, br)th of these streams take a course at an 
angle with the inclination of the surface and meet at Saginaw 
City, together forming a semicircle about the head of the 
bay. Small streams rising near them flow direct to the bay. 
The natural inference is that their peculiar courses are due 
to a line of morainal embankments formed about the circular 
front of the glacrier. 

It seems to me hardly probable that the great Erie-Huron 
glacial lake ever occupied this valley, or that it ever had an 
outlet through the pass to Grand river, as some have inferred. 
Such a body of water, remaining for a considerable time, 
would have so leveled and modified its bottom that the 
streams would not, after its disappearance, have taken the 
abnormal course above described. It is more likely that the 
Saginaw valley was at that time still blocked with ice. A 
smaller lake may have existed in front of the Saginaw lobe. 

One more important stream, not related in origin to those 
just described, remains to be mentioned. The Muskegon rises 
in the north central part of the peninsula and flows directly 
southwest to lake Michigan, draining an area 125 miles long, 
with an average width of only about 25 miles. The form of 
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this valley is rather flat, the center being depressed about 200 
feet below the marginal portions. The northwestern Carbon- 
iferous boundary is within this elongated valley for a distance 
of 75 miles. Our conclusions in regard to the origin of this 
valley and river are of a somewhat more speculative nature 
than the foregoing. Nevertheless, some interesting generali- 
zations may be drawn. 

It is worthy of notice, in the first place, that this valley oc- 
cupies exactly the place where one would naturally expect to 
find the backbone of the peninsula — the line of water-parting 
between the streams flowing west to lake Michigan and those 
flowing southeast to Saginaw bay and the central depression. 
It is as though the original watershed had been for many miles 
longitudinally cleft by the river into two roughly parallel 
watersheds. To learn the origin of these remarkable condi- 
tions is the problem before us, to which the circumstances 
suggest two possible solutions. 

The first is that the line of first separation between the 
eastern and western ice lobes was along the line of highest 
elevation ; and upon this highest ridge, flanked by the sepa- 
rating lobes, the river was formed by the glacial waste and 
established its permanent course. This theory is, in eifect, a 
modification of that applied by Mr. McGeeto certain rivers of 
northeastern Iowa (Eleventh Annual Report, U. S. Geol. Sur- 
vey, pp. 218, 219, 236). While this theory applies very nicely 
to the river, it seems quite plain that the valley did not orig- 
inate in this manner. The time since the C41acial period has 
been too short to permit the formation of so wide a valley; 
and besides, its surface is now covered with drift materials 
and dotted with small lakes, many of them being near the 
stream channel, indicating that it was ice-covered after its 
present form was attained. 

The- second theory is more complex and ditticult to work 
out in detail. It is suggested by the fact that for so long a 
distance the valley coincides with the Carboniferous bound- 
ary. If this valley is of preglacial origin we naturally assume 
that it was the result of stream erosion. The question then 
arises, Why should the ancient stream follow so persistently 
the strike of the undisturbed Carboniferous strata, rather 
than their natural inclination? This is a most difficult prob- 
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leni to shed light upon, but I would suggest that along this 
shore of the ancient sea a long line of sand bars may have 
been built up of the sediments brought in by inflowing 
streams. The channel between these and the mainland may 
have served in later time, when the swampy land had further 
extended itself, as a watercourse, conducting the surplus 
water around the margin to the western outlet. Such a stream 
might finally establish itself and excavate a valley. In sup- 
port of this it is worthy of mention that at the present time a 
very slight deflection of the Muskegon river in Newaygo 
county, just before it leaves the Carboniferous area, would 
cause it t^) continue within the boundary until it reached 
Grand river and the central depression just above Grand 
Rapids through the valley now occupied by the Rouge river. 
The latter heads in Rice lake, within three miles of the Mus- 
kegon and at about the same or a slightly lower level. 

In closing we wish to acknowledge our indebtedness for the 
elevations and general surface configuration, on which this 
paper is based, to a most excellent contour map of the state, 
prei)ared with much labor by the late Prof. Alexander 
Winchell. 



THE MINERALOGICAL CHARACTERS OF CERTAIN 

NEW JERSEY LIMESTONES. 

By Lewis (i. Westcjatk. Evanston. III. 

It is the aim of the present paper to describe briefly the 
mineralogical characters of certain of the white or crystalline 
limestones oc(*urring in Warren county. New Jersey. These 
limestones occur along the eastern border of Uenny Jump 
mountain, near its northern end. They are here associated 
with Archaean granitoid gneisses, and are cut by dioritio 
eruptive rocks. 

The rocks under consideration are crvstalline limestones. 
In grain they vary between a rather fine-grained crystalline 
limestone, not unlike ordinary marble, and a coarse rock in 
which the faces (»f the calcite grains are relatively large. In 
color the rock varies from a pure white, through shades of 
gray, to red. Where f(»reign material is present in abund- 
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ance the rock locally takes on other colors. With regard to 
the chemical composition of these limestones the writer has 
nothing new to offer. The crystalline limestones in other 
parts of the state show all gradations from a pure lime-car- 
bonate to a typical magucsian limestone, and the rocks of the 
area under consideration probably have much variation in the 
amount of magnesia present. Below is an analysis* of a 
sample of crystalline limestone from the east side of Jenny 
Jump mountain : — 

Lime 42.45 

Magnesia 10.23 

Oxide of iron and alumina 1.00 

Carbonic acid 44.<)7 

Silicic acid and quartz 1.9,") 

This indicates an intermediate rock between a pure limestone 
and a magnesian limestone. 

Lithologically the rock varies greatly, but mainly in the 
presence and character of the accessory minerals. Crystal- 
line calcite is usually the principal and sometimes the only 
mineral present. The rock is then composed of an aggregate 
of irregular grains of calcite. The rock is rarely, however, a 
pure limestone, but almost always carries a greater or less 
amount of accessory minerals, and it is with these that this 
paper is chiefly concerned. In the field the limestone is often 
seen to be streaked with greenish or black irregular masses or 
concretions. When examined under the microscope these are 
seen to be composed mainly of pyroxene, hornblende, magne- 
tite and biotite. Other accessory minerals are often present 
in the limestone, such as (juartz and, more rarely, tourmaline 
and apatite. Graphite and garnet were seen in the rock in 
certain places in the field, but were not present in any of the 
slides examined. 

Pyroxene is perhaps the most abundant of these accessory 
minerals, and occurs in greenish patches in the limestone. 
Under the microscope it is monoclinic, has a well-developed 
prismatic cleavage, is colorless or very pale green, and non- 
pleochroic. It is probably closely related to malacolite, which 
agrees with it in optical properties and place of occurrence. 
It occurs in large, sometimes irregular, but more generally 
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rounded grains, either 8fatt<*red through the rock or collected 
into aggregates. It does not possess well-developed crystal 
planes. The pyroxene has ver}' frequently altered to serpen- 
tine. Limestone is often found, hand-specimens of which are 
speckled with small greenish rounded masses of serpentine. 
Under the microscope these greenish masses are seen to be 
aggregates of serpentine, generally associated with granular 
magnetite and sometimes other decomposition products. 
Often, however, undecomposed fragments of pyroxene are 
seen embedded in the midst of the serpentine aggregate, show- 
ing that the serpentine has originated in the decomposition of 
the pyroxene. When serpentine occurs in the white lime- 
stone it is generally in such small masses, derived from the 
alteration of isolated grains of pyroxene. 

Brown biotite occurs frequently in the limestone in large 
rounded grains, often beautifully fresh. Green nionodinic 
hornblende occurs, sometimes very abundantly. It is dark 
green in color and is present in irregular grains in the basic 
concretions in the limestone. Quartz is abundant. Apatite 
is frequently present in irregular grains. Tourmaline occurs 
rarely. Graphite was sometimes seen in the limestone in the 
field, but is not a widespread mineral. In one or two outcrops 
considerable quantities of red garnet were seen in the lime- 
stone. 

In some places quartz is an abundant accessory mineral in 
the limestone. It usually occurs in small grains or masses, 
and the limestone then has the appearance of holding small 
pebbles of quartz. Sometimes these pebble-like masses of 
quartz are an inch or more in diameter. Under the microscope 
the quartz of these masses is seen to occur in very irregular 
grains, with a wavy extinction, and having the appearance of 
vein quartz. There is nothing to suggest that they may have 
had a detrital origin. They are probably metamorphic. 

There are two special types or varieties of rock associated 
with the white crystalline limestones of Jenny Jump moun- 
tain which call for special mention. These varieties are: — 

(1) Pyroxene-rock. 

(2) Quartz-rock. 

The typical pyroxene-rock consists wholly of irregular or 
rounded grains of colorless monoclinic pyroxene. Very fre- 
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quently quartz is associated with it and in one slide consider- 
able amounts of biotite. In the hand-specimen it is a uniform, 
light-green, medium -grained rock. 

Quartz-rock also occurs abundantly within the limestone 
area. In the hand-specimen it is simply gray massive quartz. 
Microscopically, it consists wholly of extremely irregular and 
interlocking grains of quartz, usually with a wavy extinction. 
Pyroxene, graphite and magnetite occur in greater or less 
amounts associated with quartz in this rock. The term 
quartzite, which is applied to bedded quartz rock of detrital 
origin, is inapplicable here, for the rock under consideration 
is of an altogether diiFerent origin, as will be shown below. 

In typical examples these two rocks are wholly distinct and 
consist of pure aggregates of pyroxene and quartz respect- 
ively. But practically the rocks grade into each other by a 
complete series of intermediate forms. The pyroxene-rock 
generally carries more or less quartz which locally increases 
in amount until it makes half the rock. From this interme- 
diate quartz-pyroxene-rock there are all gradations to a pure 
quartz rock, owing to the gradual relative increase in the 
amount of the quartz over the pyroxene. In considering their 
origin they may be treated together, for they are the two ex- 
tremes of a single continuous series. 

These two rocks are explained as being local phases of the 
limestone due to the local development, on a large scale, of 
the common accessory minerals, pyroxene and quartz. This 
is shown by the following facts: — (1) Near the north end 
of the mountain a dike of diabase cuts across the limestone 
area in an east and west direction. On the south side of the 
dike the rock at the contact is a quartz-rock holding patches 
of greenish pyroxene; further away it is a greenish pyroxene- 
rock without quartz; still further south it is crystalline lime- 
stone. These three varieties grade into each other. The 
relation of the quartz-rock to the diabase dike is accidental, 
for at many other points in the limestone the ([uartz-rock and 
pyroxene-rock occur at a distance from any eruptive. Other 
examples of the gradual passage from crystalline limestone 
into quartz-rock and pyroxene-rock can be given from the 
same region. (2) The accessory pyroxene of the normal 
crystalline limestone is the same in external appearance and 
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microscopic characters with the pyroxene of the pyroxene- 
rock, (ii) Graphite scales are found in the quartz-rock as 
well as in the crystalline limestone. 

The pyroxene-rock and quarte-rock appear to result from 
the development, on a large scale, of accessory minerals which 
are common everywhere in the limestone. The reason for 
their development is not known. It does not appear to be due 
to local metumorphism by eruptive rocks, but is rather a result 
of the general metamorphism which the limestone has under- 
gone. 

Magnetite, as has already been shown, is one of the most 
abundant accessory minerals of the limestone and occurs in 
irregular grains and aggregates. In some places this magne- 
tite increases in proportion to the calcite until it forms the 
whole, or nearly the whole, of the rock, the calcite then being 
wholly absent or occurring iu small amounts between the 
grains of magnetite. The rock is then frequent!}' mined as an 
iron-ore. There are all gradations between a pure crystalline 
limestone and a typical limestone iron-ore. The origin of the 
limestone ir(»n-ore is the same as the origin of the accessory 
magnetite which occurs in scattered, irregular grains in the 
white limestone. It seems most probable that both are de- 
rived from iron inchuU'd in the limestone as an impurity at 
the time of its formation. The magnetite occurs in the lime- 
stone in scattered grains and in masses, and in beds. Where 
it forms beds it ditfers from its occurrence in isolated grains 
only in its relative abunilance, and the beds of limestone iron- 
ore grade into the pure limestone beds above and below. These 
beds may be due to primary deposition as beds, or, as seems 
more probable, to a lat<.»r segregation of isolated grains into 
planes, either bedding-planes or planes of secondary origin 
due to dynamic action. 

It is not purposed here to enter into a di8<*ussion of the 
origin of these accessory minerals of the crystalline limestone. 
The limestones are cut by numerous eruptive rocks, mainly 
diorite and pegmatite, and, in a less degree, diabase. It does 
not si'cni probable that the accessory minerals are the result 
of local nietainorphism by these eruptives, for the minerals 
occur widel}' and uniformly disseniinat-ed throughout the 
limestone and at a distance from the eruptives. Further, they 




VENTRAL ARMOR OP DINICHTHYS. 



The Ventral Armor of Dinichthya, — Wright. 318 

I 

do not occur more abundantly where the white limestone is 
cut by the eruptives than they do elsewhere. The more prob- 
able explanation of their presence and abundance lies in the 
general metamorphism which the region has suffered, result- 
ing in the complete crystallization of the limestone and in the 
pro<luction of the abundant accessory minerals from the im- 
purities which it contained. 



THE VENTRAL ARMOR OF DINICHTHYS. 

By Albert A. Wright. Obcrlin. Ohio. 
(Piatt' IX.) 

The reconstruction of the great placoderm Dinichthys still 
^ lacks much of completion. Although many important points 
have been made out, through the enthusiastic labors of the 
collectors, Hertzer, Gould, Kepler, Terrell, and Clark, and the 
descriptions of Newberry and Claypole, all of which consti- 
tute one of the most interesting and important chapters in 
American paleontology, it is still true that much yet remains 
to be done, owing to the scattered and often fragmentary 
condition of the material upon which reconstruction depends. 
Every year that field work is continued brings to light some 
new evidence as to the relative position of the plates and skel- 
etal elements of this iish. 

It is owing to the existence, in the museum of Oberlin col- 
lege, of some new and more perfect material than was in the 
bands of Dr. Newberry, that I am enabled to present a recon- 
struction of the armor that defended the ventral surface of 
Dinichthys. A description of this material was prepared in 
April, 1893, for the (now) forthcoming volume of the Ohio 
Geological Survey; and it is through the courtesy of the di- 
rector, Dr. Edward Orton, that I am enabled to present the 
plate and cuts which accompanied that description here, in 
connection with this briefer summary of the facts. 

The only accounts of the ventral armor of Dinichthys which 
have hitherto been published are tho.se by Dr. Newberry in the 
report of the Ohio Survey* and in his monograph upon the 

•Ohio Geol. Survey. Pjileontolo^ry, vol. ii. 
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Paleozoic fishes of North America.* In the first of these he 
gives an outline figure of Panders restoration of the ventral 
armor of Coccosteiis, which is here reproduced (fig. 1), ac- 




Fu;. I. Ventral armor of Coccostcus dccifiens \^. Natural size. 

(Pander's restoration.) 

eompnnied b}' a similar outline of the ventral armor of Dinich- 
thys, also herewith reproduced (fig. 2). In both these figures 
it will be seen that there is an anterior pair and a posterior 
pair of ventral plates. On the median line there is, in the 
case of (\>ccosteus, a lozenge-shaped bone in the center, over- 
lapped b}^ both pairs of ventral plates, while anteriorly there 
is a triangular bone, the "antero-ventro-median." On the me- 
dian line of the Dinichthys armor there is apparently only one 
elongated bone which corresponds in position with the two 
medians of Coccoj?teus. The ventral armor of Dinichthys wa? 
thus supposed to consist of these five bony plates: 

One pair of anterior ventro-lalerals, 

One pair of ])osterior ventro-laterals, 

One ventro-median. 

*r. S. G«'(»l. Survcv, Mimojrraphs. vol. xvii. 
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At the time the monograph was written it was thought by 
Dr. Newberry that he had material representing two addition- 
al pairs of plates which protected the under side of the head. 
These were considered to be the "jugulars" and the "post- 
jugulars" or "hyoids," the latter pair overlapping the former 
pair where the extremities met. In all, therefore, nine bones 
have hitherto been referred to definite positions upon the 




Fig. a. Ventral armor of Dinkhthys terreUi N., one-twelfth natural size. 

(Dr. Newberry's first restoration.) 

under side of the fish, a jugular series of four and the above 
mentioned ventral series of five. This, I think, was Dr. New- 
berry's latest conception of the arrangement of these plates, 
although he himself made some alterations in his first identi- 
fications of the bones. 

Prior to the publication of the monograph, specimens had 
been obtained which showed that the pair of supposed poste- 
rior ventral plates really belonged upon the sides of the head : 
and in that work they are figured in their true position and 
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more full}' described as the suborbitals. The vacancy thus 
created in the ventral shield was not positively filled by any- 
thing described in the monograph. The subject is alluded to 
as follows: ''No figure is given of the plates which are sup- 
posed to have formed the posterior half of the plastron, be- 
cause no perfect ones have been found ; but I have numerous 
fragments of relatively large plat^iS which must have been 
oblong in form and had the moderate and uniform thickness 
and plainness of surface which characterize the plates that 
defended the under side of the body. As they are apparently 
assignable to no other place in the armor of Dinichthys, I 
provisionally locate them here."* Specimens of each of the 
other bones, except the median, are figured in the mono- 
graph, that is to say, the anterior ventro-lateral of two spe- 
cies, a single hyoidV and a single jugular; but these are all 
is(»lated and no diagram or figure is given which groups them 
in their relative positions in the armor as a whole. 

A careful study of the new and well preserved material in 
my hands convinces me that the ventral armor of Dinichthys 
must be reconstructed as follows: 

Ist. The anterior ventro-laterals should remain in the posi- 
tion to which they were first assigned by Dr. Newberry. 

2d. The bone figured as *'hyoid" with an interrogation 
mark in the monograph was probably assigned to its position 
on insultlcient evidence, and its true relations are still prob- 
]emati<'al. 

:U1. The arched *'jugulars" must be transferred to the pos- 
terior rnd of the ventral shield, where they constitute the 
posterior ventr(»-laterals, the arched border being directed 
backwarjls instead of forwards. They thus fill the vacancy 
caused hv the removal of the suborbitals to the sides of the 

head. 

4th. The median plate or plates should doubtless retain 
their place as previously described by Dr. Newberry. I have 
seen no specimens of these, but the rearrangement proposed 
will si'areelv all'eet them. 

Hy these changes the ''jugulars" and ''hyoids" disappear, 
and the armor (»r ()ther structures upon the under side of the 
head remain to be discovered. 

*()p. oil., p. ixs. 
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The facts which compel this reconstruction are as follows : 

Ist. The so-called "jugulars" and the anterior ventro-lat- 
erals were certainly contiguous and overlapping plates. Their 
natural relative position is that shown in plate IX, in figures 
1 to 7, in which 1, 2 and 5 represent anterior ventrals and 3, 
r4 and 7 the so-called "jugulars." This relation is proved by 
the perfect fitting of the overlapping portions. Upon each of 
the "jugulars" there is a triangular, depressed area, shown in 
the upper portion of fig, 9, for the reception of an overlapping 
bone, and into this depression the thin, triangular extremity 
of the anterior ventral fits perfectly. The bones represented 
in figs. 1 to 4 are known to have belonged to a single individ- 
ual, of which the cranium, mandibles and other bones to the 
nujnber of eighteen were found together at one time and 
place. Numbers 5 and 7 of the plate were also found together 
at a difl^erent point. Here then are three cases in which the 
perfect overlapping proves that the so-called "jugulars" were 
the companions of the anterior ventrals. The case is so clear 
that I have no hesitation in saying that this relation of the 
plates in question is demonstrated. 

2d. The "hyoid" ? bone which was figured in the mono- 
graph and believed to overlap the "jugular," is not shown to 
have the shape necessary for filling the depressed area in the 
jugular, nor is it indicated which end of the plate occupied 
this area. It is excluded from the association assigned to it 
by the facts already stated; and while it ma}- have occupied 
a position in the hyoid region, the grounds for assigning it to 
such a position seem .now to be uncertain. 

3d. The size of the so-called "jugulars" is rather large, and 
the curvature of their outline rather strong, for the position 
to which they were first assigned. In the first case here fig- 
ured (plate IX, figs. 8 and 4), the "jugulars" measure 10 inches 
in length. The curved border also measures 16 inches to the 
lateral angle, that is. along the margin which is supposed to 
have lain against the inner side of the mandible. The mandi- 
ble of the same individual, however, was only 14.V inches in 
total length. Other specimens of the "jugulars" have been 
found of enormous size. For instance, one was discovered 
near Columbus, Ohio, to which my attention was drawn by 
Dr. Claypole, who kindly furnished me a tracing of it. This 
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ip'.ite was fully 80 inches in length, a length greater by six 
i;*jhe8 than that of any mandible known. It is, of course, 
possible that the jugular may have exceeded the mandible in 
length, but we know that the mandibles of Dinichthys were 
capable of the freest and most vigorous action. 

In the large "jugular" just referred to, the curvature of the 
outer margin was strong, and similar to that of figs. 3 and 4 
of the plate, where, with a length of 16 inches, we have a 
breadth (of the pair) of 14 inches. The curvature here is far 
greater than that of any mandible which I have ever seen. 
The curvature of the mandibles, indeed, is very slight. The 
single "jugular,"' however, of which Dr. Newberry figures the 
inner and outer aspects,* is of the type shown in fig. 7, where 
the curvature of the outer border is much reduced. It it 
aside from my present purpose to discuss the question whetii< 
the two types of plates here shown belong to the same species 
or not. I will only remark, in passing, that the plate figured 
b}'' Dr. Newberry is referred by him to 7>. terrelli; while those 
shown in figs. 3 and 4 of the present paper are known to be- 
long to />. terrelli by the structure of the dentition upon 
which the species was founded, and which was preserved 
along with the plates in question. 

As we consider, therefore, the large size and the strongly 
curved border of the plates which have been called "jugulars," 
we may be the more willing to see them transferred to the pos- 
terior portion of the ventral armor, where they are freer from 
Jiinitatlf)ns as to size and shape. 

4th. This rearrangement of the plates brings the "plastron" 
of Dinichthys into more striking agreement with that of Coe- 
costoiis (fig. 1 in text) than did the first reconstruction by Dr. 
Newberry. To the harmonies which he pointed out,f the fol- 
lowing may be added: 

(a) The overlapping of the posterior plates by the extremi- 
ties of the anterior plates. 

(b) The overlapping of the right posterior plate by the left 
posterior i)late along the median line. 

(e) The sinuous line of overlapping between the posterior 
plates in both genera. 

*Mniini:r:ii»li. PI. vi. 

foil in (ii'ol. Survey. PaN'ontnloiry. vol. ii, p. IK 
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(d) The less breadth of the posterior plates behind, than in 
front. 

The foregoing facts seem to furnish a good basis for the 
rearrangement of the ventral plates of Dinichthys. It is to 
be regretted that we are not yet able to bring the ventral 
Btrmor into positive connection with the cephalic or dorsal 
Btrmor, or with the position of the pectoral fins. The anterior 
ventro-lateral plates have their outer margins rabbeted for a 
certain distance, along which they were probably sutured to 
some other plate not yet identified. A large number of plates 
are in the hands of collectors and museums, for the correct 
location of which no suflicient clues have yet been found. 

Concerning the structure of the bones represented in the 
plate, it may be well to explain that figures 6 and 8 represent 
the inner aspect of the respective bones, and the radiating 
lines show the direction of the grain or fibrous structure, 
which is more distinctly seen upon the inner than upon the 
outer surfaces. Fig. 8 represents a magnificent anterior lat- 
eral, the largest and most perfect, I think, which has yet been 
found. Several cross-sections of it are given to show the 
thickness and the structure of the border. In figure 3 (and 9) 
a remarkable device is seen by which it interlocks with figure 
4 in such a manner as to prevent longitudinal displacement. 
A strong, transverse, tooth-like ridge stands out on number 8 
which is received into a corresponding channel in the over- 
lapping number 4. In number 7 (which corresponds to num- 
ber 4) it would seem that the tooth to be received must have 
been much weaker. This device gives one more bit of evi- 
dence as to the turbulent life which was lived b^'^ these tyrants 
of the Paleozoic seas, and of the force of the attacks against 
which they were provided by^ their interlocking armor. 

EXPLANATION OF PLATK IX. 

Fijriirf?s 1 to 4 rrpn'smt tin* |)air»*<l bont-s b»'l()ii«rinK f** ^''»' vfiitrul 
armor of a singh* siM^cimm of DinirftthyH ttrrdli N«'\vh.. in tlu'ir natural 
n'lativ** ix^sitions. 

Fi«s. 1 and 2. Ilij:ht and It.*ft ant<'rior v»'nlro-lat»Tal plati'S. 

KiOH. .'{ and 4. Kij^Mil and N'ft |M)st»'rior vt*nlro-lal«Tal plal«*.s. 

FiOH. .> and 7. The l»*ft anl»*rior and |M>st««rior vi»ntro-lati*ral plalt-s of 
anothtT and largfr individual, in llK.'ir natural relations. Ttic dotted 
lines at the ant«'rior «'nd of tijr. ."> denote five very shallow, transversa* 
channels, on the inner surface of the plate, which indicate the imping- 
in|r border of a median ventral plate. 
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Fi<;. r>. Till' innfr surfao* of tli«' major port ion of flp. 7. 

Fio. S. Till* iiinrr surfatv i»f the loft aiit*'rior veiitn>-lat«^ral plateofa 
thinl iiulividuul. a. b. c. and d. cn»ss-s<*ctions of fl»r. 8. at ri^ht ani?lt« 
to th»* murjrin. at I hi* jminls ci»m'S|Mindini|rlv It'll** ivd. 

Fki. t». The sanni- as tiir. -i. with th»* overlapping plate's rtMnoved. 

All thi' Nmi's hi*n' flirurf-tl wm* colli'Cied by Mr. .1. Tfrrell from the 
rifvt-land >haK' in Ixirain and Huron countit*s. Ohio. 



PRELIMINARY NOTICE OF A NEW SPECIES OF 
TEMynrrnX AND A NEW GENUS FROM THE 
JOHN DAY MIOCENE OF OREGON. 

B\ JtiHN KvtkMAX. F. Z. S.. F.ii. S. A.. Ea«ton, Pa. 

The i'olloctit»n made by tlie Princeton Scientific Expedi- 
tion of ISHU in the .John Day **bad lands" of Orep^on contains, 
auion^ many olhi-r interesting forms of Carnivora. an unusu- 
ally large form of Tttnn»j'**jnn, quite distinct from those de- 
scribed by Prof. Cope in his Ttrfiart/ Vtvtthratfi. Almost 
the I'Utire skeleton is preserved. I am under many obliga- 
tions tt> l>r. Seott for the free use of material from his mag- 
nificent colK'ciion, and still greater for very many valuable 
suggestions. 

TEMN^-nnox, </opo. 

Talon of inferior st'ctoria! trenchant: inferior molar 2 with 
tri-nchunt crown and with *oi inffrmif ri»*i^. 

T. "fft'it* f«ij*, the lypt* i»f this genus, is described by Cope in 
his TKi'^i'ir^i l^^^ ^rw/.f < vol. iii. b«.*ok i, p. 9<>3 1. 

TEMNOCYON FEROX. >t. h.a. 
LartTrr than xhv type species: cranium unusually well de- 
vel^^pid. King l.'V.gt-r thaii in the type: palate curved and of 
'.i-ss d:a!:utir thav. that of 7*. '''we p*/,*: small an tero- posterior 
iK-vr*..'p::u*:it i»: tiie rr.u- molars. Superior premolars equal in 
aT'.u r -i»'>rrri»r diaiu».trr t-* ;ir.d grvatt-r in transverse diani- 
viiv :;:i:-. ::. '-.k ty;u-. r:;'>-.:;i'. ui-vr'i.'prjfnt of cxngulum on 
sv.: ■. r'r :v. '.:vr !, a:n.i ::■•. j'-'i!::-!. -f svijvrivr molar i with 
re:\ r^r.^'i : « "■. lar 1. I v. :::r ::.:'» ri^-r i.U*ntition. iht: weak de- 
V '. ;:>.:•.: : vr- :-. ].ir i ::: '::ij:.:. Lir.vi i:; tht- antero-posterior- 
i ; . .1 ::. : •. r :■. < • -.v. : • ;i r wl w ! : i ■. : : > : ru ! . t* v t ■ rst-. The small size oC 
::.-. ::..:.•:■ :...i : :v. ..v? I. av.vl :'..-■ rvi:-.:lar contour of it^ 
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HYPOTEMNODON, gen. nov. 

Talon of inferior sectorial trenchant; internal cingulum 
greater and more pronounced than in Temnocyon, Inferior 
molar 2 tubercular, with internal cvsps equalling in size those 
of the external side. 

H. coRYPHiEUs Cope (Temnocyon corypha'us Cope). From 
the above it seems necessary to remove Cope's species, T, 
coryphcens (Tert, Vert., vol. iii, book i, pp. 90(5-912) from the 
genus Temnocyon and to erect a new genus to which is given 
the name Ilypotemnodon, The specimen under considera- 
tion is the left ramus, collected by Dr. J. L. Wortman in the 
John Day "bad lands" and described by Prof. Cope in his 
Tertiary Vertehrata under the genus Temnovyon. 

The above new species and new genus will be described 
more fully in a memoir now in course of preparation. 
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THE OUIOIN OF SPHEKOIDAL BASALT. 

The eruptive rocks of Point Bonita, F. Leslie Ransome. 
(Bulletin of the Department of Geolog}^ University of Cal., 
vol. 1, pp. 71-114, Dec, 1893.) 

The author presents a map of the region, which is the pe- 
ninsula and point which, on the north, shut in a part of San 
Francisco bay and terminate on the north side of the '*golden 
gate." The most of this area consists of the San Fran- 
cisco sandstone, but along the western edge the country rises 
abruptly from the Pacific ocean, this elevation consisting of 
a ridge of basic eruptive rocks. These are terminated toward 
the east by a supposed fault which runs north and south but 
a short distance east of the ridge of eruptive rock. The ridge 
descends toward the north, ceasing at about four- fifths of a 
mile from the "golden gate." 

The eruptive rocks show three facies in the field, which are 
also equally evident in making a microscopic examination. 
The author enumerates spheroidal basalt, pyroclastic rock and 
diabase. In a section through these parts the diabase is 
shown as rising highest, and as intrusive through the others. 
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the pyroclastic la3'er beinf]^ above the Rpheroidal basalt. The 
diabase and the basalt, although they differ remarkably, are 
considered to be equally basic eruptive rock, the former cool- 
ing as an intrusive in older rocks and the latter as a surface 
flow. The pyroelastic stratum reposes upon an uneven sur- 
face of spheroidal basalt. It is composed of fragments of a 
light gray aphanitic amj^gdaloidal rock similar to that form- 
ing the spheroids below it, and ranging in size from the frac- 
tion of an inch to a foot or more in diameter, the average size 
being about three inches. "These fragments are finely com- 
minuted volcanic ejectamenta. In general the fragments are 
more or less rounded, but sharply angular fragments are also 
abundant." 

In the spheroidal basalt are some curious and int<?resting 
features. The large spherules are sometimes elongated, bale- 
like masses, whose longer axes are about parallel and extend 
obliquely downward. They sometimes weather out near the 
center, leaving a shell. The}' are am^^gdaloidal porphyritic, 
with feldspar, and in some cases the same rock embraces many 
fragments of red jasper. The interstices between the spher- 
oids are filled with comminuted fragments of rock of the same 
kind, but decayed and crumbling, or with secondary products. 
In one case a block of sandstone four feet in diameter was 
seen resting partly imbedded in the volcanic rock. In thin 
section these spheroids display simply a uniform, finely crys- 
talline, or porphyritic and amygdaloidal rock, composed of 
lath-shaped feldspars and a considerable proportion of glass, 
with secondary formation of much calcite and chlorite, and 
sometimes quartz. In the large spheroids the center is less 
amygdaloidal than the rest of the rock. 

The author considers the evidence warrants the conclusion 
that the spheroidal portion of these rocks was ejected as a 
surface flow and that the rounded spheroids are an incident of 
flowage after ejection. The pyroelastic layer he regards as of 
the nature of volcanic ash, projected from a crater which was 
probably at some distance to seaward. 

NoTK. This paper throws considerable light on some prob- 
lematic featUH's st'eii in connection with the greenstones of 
the Arcliean in tlie lake Superior region. It appertains to 
the spiieroidsand to the jaspers of the sandstones. Spheroidal 
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masses have been described by Lawson, Williams and Winch- 
ell in the oldest greenstones, and they have been referred re- 
spectively by them, to ''concretionary structure," to breccia- 
tion and subsequent rubbing under "dynamic pressure," and 
to "agglomeratic accumulation" under the surface of the 
cotemporary ocean, in the near vicinity of an active volcano. 
Two of these theories require a surface origination of the 
rock, from volcanoes, and the other demands a plutonic, or 
deepseated, intrusive origin. It appears that, with the facts 
that Mr. Ransome gives, the superficial origin of such forms 
is proved, and it remains to determine whether the sea were 
present to receive the ejected material or whether it was 
evenly and rather slowly ejected upon a land surface and sub- 
sequently ^oi^'ecZ in such manner as to produce these forms. 
Without calling in question here the close resemblance exist- 
ing between these forms and the forms to which they are 
compared in the volcanic rocks of the Hawaiian islands, we 
desire to mention some considerations that seem to point 
toward the cotemporaneity of the "spheroidal basalt" and the 
jaspers of the San Francisco sandstone, and thus also indi- 
cating oceanic conditions for the accumulation of both. 

1. The author considers that the San Francisco sandstone 
is separated into two parts, by the intervention of a bed of 
considerable thickness of jasper rock, called phth unite by 
Becker, showing that something all'ected the ocean in the vi- 
cinity of San Francisco bay which caused the rapid precipita- 
tion of silica, which at the same time was stained by a little 
iron. The author refers to various places, at a distance from 
San Francisco, where red jaspers also occur, saying "the rock 
[i. e., spheroidal basalt, N. II. W.] is -always associated with 
the red jaspers, and with what is apparently the San Fran- 
cisco sandstone" (p. 110), admitting that this association in- 
dicates "a contemporaneous rather than a subsequent origin 
for the basalt." (p. 109.) 

2. The rock of the spheroidal basalt is found to contain, at 
least in one instance noted, blocks of sandstone four feet in 
diameter (p. 78) which shows that some force was in action 
which could rend and transport solid rock, and mingle the 
fragments with the spheroids. It may be jjuestioned whether 
flowing lava could do it. Was the force volcanic explosion? 
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and was tlie t'ragnicnt from the lower member of the San 
Francis('(> sanclslnne? 

J^ The hiiuiuliji^ surfaces are perfectly sharp and definite 
*'and entirely enclose each separate spheroid.'' It raav be 
(|Uestioned whether llowaj^e could thus entirely separate them 
from each other, for there seems to he no exception to their 
individual isolation. Tiiis rather intlicates an individual his- 
tory for each mass, involvinj:^ separation from some parent 
mass, transportation to its present position and consolidation 
with its n<Mjy:hbors under the action of some later cementing 
agency. Had tjowage produced these spheroids it is impossi- 
ble that th(»y would not somewhere show gradations into each 
other and finally into a simple lava sheet where the^* would be 
less and less distinct; the nuiss of the rock in general could 
not have so Howed everywhere in so uniform and yet so pecul- 
iar a fashion. 

4. Jud^in^ from the descriptions the spheroidal basalt is 
not essentially dilferent from the pyroelastie layer which 
overlies it. It seems to be allowable to suppose that they had 
a c(»nimon oripjin, viz., as volcanic ejeetamenta, the coarser 
bombs ai)pearin^ in great profusion at the first eruption of 
the v(»lcano, and the finer tufis falling later. The lack of 
stratification in these deposits characteristic of o<*eanic agency 
may be due to the rapidity of the accumulation and the shel- 
tered location of the v(»lcanic area to the eastward of the vent 
where waves and currents coidd not readily act upon 'the de- 
bris, or it may be due to the fact that the debris fell upon a 
land surface instead of into the ocean, as presumed by Mr. 
Ransome. It is hardly possible, however, that at that place 
some of these materials, whether bombs or tufifs, should not 
have fallen into the ocean, and if the jaspers were deposited 
in the ocean on the eastern side of Point Bonita, as shown 
by their being embraced in the f ragmen t-al San Francisco 
sandstone, the tutt's at least may have fallen into the ocean 
over a large area and mingled with, or entirely displaced, the 
usual accumulation of that sandstone. If the phenomena here 
are coniparable with the features that have been described in 
the gn'cnstones of Minnesota, jasperoidal accumulations will 
be found intimately mingled with the tufi's and also closely 
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associated with the Bpheroidal basalt, being contemporaneous 
formations. 

5. There are internal features ascribed to the spheroidal 
basalt which are apparently incompatible with the supposi- 
tion that it was a surface flow of lava, (a) The spheroids are 
conspicuously porphyritic (p. 82) and the spaces between 
them are not, but are occupied by a secondary layer of im- 
pure calcite (p. 79) and chlorite. Had these forms been pro- 
duced after eruption as a lava stream there would have been 
porphyritic crystals as frequent in the material filling the 
interstices as in the spheroids, (b) There is a zonal arrange- 
ment apparent in the spheroids (p. 82), and this indicates for 
each an individual, isolat'Cd history. This zonal arrangement 
began to be formed before the consolidation of the mass, 
since it caused a zonal distribution of the amygdaloidal struc- 
ture, (c) YjAQh. spheroid seems therefore to have been inde- 
pendently under influences which not alone would produce 
amygdaloidal structure, but which operated on the surface of 
each in such a way as to distribute the amygdaloidal cavities 
most numerously about the periphery. When one considers 
the layering of igneous rocks due to successive eruption, and 
the succession of amygdaloidal beds between non-amygdaloi- 
dal and the fortuitous scattering of amygdules over the ex- 
posed surfaces of smaller lava layers, it is apparent that this 
zonal arrangement of amygdaloidal structure may have been 
formed by the contemporaneous exposure of each spheroid 
throughout its entire surface to a common cooling action. It 
seems very questionable whether such exposure could have 
been experienced when they were embraced in a common lava 
stream having a thickness perhaps of fifty to a hundred feet. 

6. The general structural relations will allow the following 
successive steps in this history if the fault plane, which is 
assumed by the author rather than demonstrated, be dis- 
carded. (1) Deposition of the San Francisco sandstone, lower 
portion. (2) Eruption from a volcanic vent in the near vicin- 
ity, forming volcanic bombs, pyroclastic matter and finally 
molten lava streams. (3) The effect of this eruption was to 
substitute locally volcanic and chemical strata for strata 
formed b}" erosion. This area and this epoch of eruption may 
have been extensive. (4) Subsidence of the area affected be- 
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neath the sea and the deposition of the upper part of the San 
Francisco sandstone, thus bringing the upper member into con- 
tact with the diabase near the golden gate. n. h. w. 



Maucii Weather on the Greenland Ice-sheet. 

Lieut. Peary started on the 6th of last March from his win- 
ter station on Bowdoin bay, near latitude 78°, with the plan 
of traveling northeast over the Greenland ice-sheet a distance 
of about 650 miles to Independence bay, the limit of his pre- 
vious expedition, on the northeastern coast at latitude 82 . 
The party comprised 8 men, 12 sledges, ?.nd 90 dogs. Upon 
reaching Independence bay, which Peary hoped t-o do early in 
April, the party was to be divided for exploration both north- 
>|yvard and southward. The time of his setting out, however, 
was much too early, being at the very beginning of the cir- 
cumpolar half year of constant daylight. After a journey of 
two weeks on the ice-sheet, reaching an altitude of about 
5,000 feet, the party experienced, on March 20th to the 23d, 
an "equinoctial storm'' of blinding snow, fierce wind, and very 
low temperature, probably unequalled in the experience of any 
former Arctic expedition. The self-recording anemometer 
showed that the wind during thirty-four hours had an aver- 
age velocity of 48 miles an hour; and the thermograph showed 
an average temperature of 50° F. below zero. Exceedingly 
cold weather and other very severe storms followed, the tem- 
perature being mostly 40° to 50° below zero, with almost con- 
tinual wind. Some of the men had their feet and hands frozen ; 
the dogs, enduring in the snow outside the tents the full 
hardships of the storms, were in a few instances frozen to 
death, and the others were attacked by a fatal disease; and 
some of the sledges were broken in being drawn over the 
sharply ridged snf)w drifts. The party was soon diminished 
t-o half its original number by the return of frost-bitten and 
sick men, until the expedition, after having advanced in total 
about 125 miles, was reluctantly abandoned by Peary on April 
loth, that he might save a sulHeient reserve of his provisions, 
sledgi'S, and dogs, for another attempt next year. The Bum- 
miT wass])ent in <»xplorations of the Greenland coast, glaciers, 
and border of the iee-sheet, in the neighborhood of the winter 
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station, and south to Melville bay. The intrepid Peary re- 
mainB in Greenland with two eoiurades, intending again to 
attempt the same journey lurross the ice-sheet during the sum- 
mer of 1H95, with the hope of having considerable time for 
exploration on the eastern and northern coast. The severe 
weather found in the early spring indicates that travel on 
either the ice-sheet of Greenland or that of the Antarctic 
continent, where a distance of 850 miles lies between the most 
southern indentation of the sliore line and the pole, will be 
practicable only during a few months in the middle and later 
part of the circumpolar summers. w. r. 



Nati(>nal Retkesentation in the International (^'ongkess 

OF Geologists. i 

On this subject, in connection with the ({uestions proposed 
by Mr. Frazer at the Zurich session ( Amekk'AN GEoLotiisT for 
October, page 267), he spoke as follows: 

J/, le I^rMent: La ])n)ix)sition quo je vii-iis(l«' lirt' iiV-st pn'si'iittM' (jii' 
iict'ttt? »iviint-d«jriiien* seanco iMUir plusicurs raisoiis. D'abonl conimo 
lous c*?u.\ qui cotinaissfiit h's tnivaiix (hi Vicr-PresiiiHiii. acln»*l (|iii nq)- 
rest'iil*' li's Etats T'nis ii ce conj»:rt;s. jo no saiirais (luo ft'licitrr cf dor- 
iiior (111 clioix admirabltMiiK* Tun a fait di* sa intsoiuk^ iN>iir c** (misU' 
d'hoiiiHMir. M. Ward mL*ri(«* bion la distinction ({ui lui a «*tt.' doctTneo. 

Knsuito il m'aurait ele ditHcili* do m'opiHJsor a I'actf du cnnsoil dans 
sa j»rt'miero seanco ou j'otais lo soul niombro prusont aerri'dile au\ 
Ktats Unis sans coiirir lo dan^^T d'otro mal oompris. La (pn'stion ost 
b«*auc(»up plus jrravr (jui" m* 1<* strait simplcinont !♦' choix d'unt* jHTsonno 
quolcon(iuo jMnir s«»rvir commi' otlicior di* ci' ct)nsrres. l*our la bion 
saisir, il imimrtr do s'elovor an dossus du iiivoau d*'s ambitions ot dos 
preforoncos iMTsunollrs, «q iK)ur mioux y reussir, jf suis satisfaitdo la 
voir laisseo aux mains du buroau afin (pril puisso la rrsoiidro a loisir et 
(piand il luiconviondra. {Miurvu (pifsa decision soitdonntV asso/a tomps 
lN»ur la constitution du prochain consoil. 

]>«' C(ftto manierc laipii'stion pord lout lion avfc la sossion artufllc. «-t 
n«' concrrno qu' oxclusivt-mont !«' bi»«n du con^rros dans TaviMiir. 

M. lo Presidfiit, la raison dT'tn* du conjrres j.'oolojriqiH'. c'fst hi nec«*.s- 
site d'un tribunal sciontiH(|U«' inttTiiational ass»*z t;l»'vo jMJur ni* pas t'tn* 
influonce par l<*s contlits d'opinion t-t par I»'s jfrojuiros qui sont inst'pa- 
rablos dos orurani sat ions national's. 

II i\\ a pas (If classi* privih'irioi' dans la soi<Mic»'. ot cux qui sont 
char>r«.'s (b* crrtain»'s fonctions«'t dc c«"riains iravaux par un p»uv»'rn«*- 
m»*nt lit" saurajj'ut pn'tt-ndn" a un j)rivik'tr»' (pifconqut'. 

En dohors (b-s socirius sav;ini<>s r\ corj)s n-lcvant du irouvi'rni"m»'ni. il 
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.•.\i>i«* ilaii> rli.-nnir \*n\< nn irrantl nt»mhr«'«riinmnn»*s «|ui si* smit ili-voiu-s 
h la Nrifiin* iMii>|U*>mi*rii jKiur fll«-iin*'in»". 

I>»- crux la \ i*'iiii»*iit Muivont U-< jiIun ]»r»'*('ii'iis»'S(li*ciniVfrii*s. t-i. rv i[\n 
•■>i i*iHN»r«' pluN imiMtrtarit. ris irt'silnirin's iiiil»'|M'ii(laiitN fiuirniss»'nt N* 
f**'\\\ rnutpnli' ilaiiN li'UP pa\N «!«•> i*iiiii'lnsiMri> |nimm's par N-s :r»*ol«»y'Ut'< \}(- 
ticit'N. ii r«" I'liiilroli- s'l-^i ^MHl\^•Ill mntitrr ili- la phis irraiiili' lililite 
I;<iur !•■ pr«»irn*s i|i- !:i ».cii'iicf. 

("I'si piiiii-i(iini. si r <iM acci pli- NaiJN pn»l«'Ntaiiiiii 1«* ]>riiici|M- ipruiir 
li*tir«'<lii c'liif tl'ini l>nri-au L'iiii\'Tn»'m«-iiial. pri'vuiLM' juir uii «1»* SfS nin- 
plu\ rs Mil t'oiiirrro iiit»Tnaiiiiiial «*Miisiiiiif nil liipi- ih' m*'mhr** n't/tt run r 
*'U iiiii'li|ii«' Mjri'ii rt'Iiii «jui" (•ri'«*iit Irs Iravaiix I'l li-s s<Tvic»'S <Ies parlii.'- 
uliiT'i: si Tun «lt'clar»' la n'prt'>»*iiiatiuii. «laii.s If conirres. d'liii hurvau 
fpii iMiiirraii avuir imrr/'i ii iiukIi-Iit :i sa iruis»' !♦■< arrtl-is dii conirresrn 
viii* (I'liii hill toui pariiriilit-r. mmmi' c*laiit plus iin|M*rlaiitt* (|Uv c't'lli- 
(Ifs iiiimViri'iix savaiii> >aiiN atTiliatioii aut'iiiii': si. cntiri. di'ux i.iii truis dr 
c»-s I'lnplnvt/s. a Tiiisii ihi ohi'f il»- TElai. «ni nR'ni** du mini:)trf doiu lis 
n-lvvHiit, iM'iiviriit dcfidiT i-iilrf \-\\\ •'! sans coiisuIltT K-iirs cunfren'S du 
ini*m»" pavs. <pn*lli* doit I'-tn- la |»'r<nniir ipii d».»ii p»*prvsi*iiiiT 1** <lit [)ays. 
ji- pr»-i<-nds furnu'lN'mi'iii. >i t«Mii ri*la I'st iM'rmi>. k\\\*' le con^res I<iin 
d'(»trrir 111) asilt' a la vi'rii»' srii'iiiitiipn* puri*. risipir df d«*venir un iu- 
struint'iit i^mr fuiisnlid»T !•• iHHiVdir uji |«-s d«x*lriiii*s di* c<»s cli»*fs d»» bu- 
reaux. I'l |Hnir NiipprimiT du niomt* c>tu)t la libtTlt* d«»s treoU^Jirues iiide- 
iM'iidaiits. 

L"»'\isti*iic«' du couirn's a i«ii luujinirs uin* inthiiMici; ••ntiert*nii*nt sulu- 
tain* Mir N-n vrvici-s iiatiohaiiv. d«»hi li*s«.'li»'fs vuii etr forces dt* ri.*s|K*ci«:-r 
••II hii !•• irilninal !•-• plus t*N'VL* dans l»Mir sci»'ncf. II strait n.'jrrtMtablr 
di" n»' pa^ lai>>«T li* c'nmrrt's \\ c»' roh* uiil«* Cflui df iranlion ixnir Itnis fit- 
la libiTtt- scifiititltph* absuluf. «''•■>! a tlirr i*n dehors tlf touti.' duotrinv 
oftiri»-Il«- »"l d«* Inuli' pr»'s>inn adniiniNtrativt*. 



MoLXTAix Systems of Asia and Europe. 

Prnf. pAluard Suess, of Vienna, has supplied a short ab- 
stract of his address before tlie International Congress of 
Geoli>;jists. as noted in our last number (page 2(53), of which 
the following is a translation: 

Th'* plicated mountains tfalu*n Cn'bir;x«-i of Asia are so arranged that 
th»"y ap|H-ar promini'iiily in lariTf curvi'il mass»*s ^Bt)i;e ns tile ken) toward 
lh»' sMuth. and ihfs*- maririnal ciir\»'s <Handl>«i<rt*n) also em brace Euroiw 
«;•) thai liifv p'aoli fnini Nrw (iiiin»'ait» i.iibraltarand tu the Wadi Draa. 
Th»' •'.I'^i'Tn L'urMs nf A>»ia. fr^m Kamtsrhatka down to boyond the 
Philippiih'N, art- ili«- similarly backward bmi ends of the inner Asiatic 
chaiii>». ami an- lneai»-d iM-liiml lh»* southern maririnal curves. Thi- 
wh<ili" of A>»ia. Willi ilif «\eepli«»n of tin* Indian ix'uinsula. shows such 
a NtrucMiri*. pr«'dnceil in iiKrih^rn ("hina. ami to beyond lake Baikal, by 
Very ancient, partly pn-Camhriaii movi*menis. but iu other parts, for 
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instance^ in the Thiaii'Shan, and alonjr tho mar^irinal curvi*, for example, 
(»n the south Hank of Iho Himalaya, by recent plication. Thi' impression 
ri'mains that, since pre-Cambrian timt*, the movements of Asia have had 
the same character, namely, that of flow. esiH'cially toward the sunth, 
but also toward the soiitliwest, west, southeast and east, which reminds 
one of the flattening of the {)oh.*s. 

In Eiiro];>e it is ditfereiit. The oldest movements are represented by 
the pre-lX»vonian, Scottish and Scandinavian "floor" (Schuppe): there 
follows toward the south and east the Carl>ouiferous and Permian flixir- 
rim(Schuppenrand) with many later folds, and then the Miocene floor-rim 
of the AIjiS. The movements are also from a very ancient periml in the 
same direction: but they are contrary to those of Asia, and have the 
charact<»r of confluence toward the north and eS|M.'cially toward the 
northwest. Here also recent movements (namely, the Alps) occur near 
the outside. 

The .similarity of the Asiatic movements in taking a »?eneral south- 
erly direction, and of the European movements in bein;^ prevailinjrly 
northwestward, with their contininince in these directions duriuju: ton^ 
tfHologic ages, indicates that these movements have been due to orij^rinal 
heterogeneity of thi? earth's mass. 

What we call lU'formation of the earth shinild be named cotifonmtfion^ 
namely, the gradual approach to a condition of e(|uilibrium of wei^r^t 
as well as of form, which is as yet not fully reached. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Tfie Me^iffzoic Efhiuoihnaatn of the United St«ittf<. \K\ \V. \\. C'lakk. 
(IT. S. Cfeol. Survey, l^ulletin i>7, pp. -'O;. with :>0 plates, IHSa l>rice, 
20 cents.) Sixty-one species are described hen^ as the entire known 
Mesozoic fauna of this class in the Tnited State.s. Fifty-one had bei'u 
l3«*fore described in many scattered publications, and ten appear for the 
flrst time. They indudi; .'> crinoids. \ asteroids, and TvZ echinnids. All 
»ire well figured, and a full hibliojrniphy is given, making the work ex- 
c**ediiigly convenient and valuable for palenntol(»trists both at home and 
abroad. The author thinks that many S)Uth American echinodernis. 
though described undiM" (litfereiit names, are identical with the North 
American sjK'cies: but he doubts that any European M»'.v)/,oie siM'ci»'s 
are truly identical, and rey:}irds only a fi'w as v»'ry clos»'ly allied. In 
this opinion hi- differs fr<»ni \)\\ ,\. \\\ <in'«:ory, »il' the British MuMMim. 
who, reviewing the i'chinoid faunas of North and South Am»M'ica ami 
the West Indies, and comiiariiiL*^ tln'in with tliecorresixinding Euro|M>aii 
faunas (Hulletin, (leol. Soc. Am., vol. iii, for 181U. pp. HU-l(iS). consid- 
ers thesi* two faunas on opiMH,ile sides t»f llie Atlantic to have hi-i'ii 
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ulmost idftiticHl diiriii^r the I'riroiiiun and AptiHii I'fHK'hs of i*arly Cr«»- 
lactMiiis limi*. (\>iitiiiuin»r inln tin* T^Ttiary era. Dr. (in*irt>ry finds thai 
Ihi* two faunas b«'(*ain<' widely and incrcasin^'ly diverjrtMii, until in ihf 
MiociMii- and IMioccin' |H'riiMlsinfi*rmiffrations took phicc: and he rt^^rnnls 
thfs«* ri'hitioMs in thi* cvohilion of thr I'Chinoids of th«* two continents 
as incDHipaiihlf with thr theory of thi* iHirmancnce tjf ih«.» Atlantic 
oo«*an basin, lint rvi-n without much chanpt* of thi* df»»p ix'ran, suffi- 
ci'Mit nM»m for th»' oarly ('r«.*taci't)us and lat«T Tertiary migrations prob- 
ably I'xisii'd alon^ tht* shon'.sof the Filrfte i.shmds, Iceland and t^ireen- 
land, during' uplifts of tlit'.se far northern n*^ions and of th«* com|>ara- 
tively shallow intervcninir i)ortionsof the seabed, by which the streams 
wiTi' enabled to cut the deep fjortls. The culmination of the later 
uplift apjH'ars to have bn)U<;))t the cold climate and ice accumulHtiou 
of Ihf (ilacial iH*ri<Ml, which was ended by the .subsidence of the.***.' 
rejrions, J >arlly drowning the fjt)rds, and widely separatinjr the Lslands 
that dnrint; late Tertiary and early Quaternary time probably almost 
united the northern parts of tin.' continents. w. u. 

J/iMtrt Fauna of f/if lihodr fnUnnl Coal FieM. Hy S. H. St'UDDEK. (T. 
S. (ieol. Survey. iSulletin 101, pp. 27. with two jilates, 181)3. Price. 5 
cents.) P'ifieiMi specii'sof insects, mostly cockroaches, are here described 
from the llhode Islaml coal measures. All the sjH^cies, and two of th»* 
six iTf-nera. an- new. Tin* earlii'st discovery of any of these fossils was 
by Rev. Kd^'ar V. ("lark. It is ho|M*d that this publication will stimu- 
late additional search in these strata and result in more extended discnv- 
erii's. The two new L'enera are tpiiti* unlike any others in this country, 
but are ralh«T allied to sonn* that occur in the richly fossilifert>us beil> 
of Carbonifrrous air»- at ('omm«*ntry, in France. \v. i*. 

A Ctitahnjut ami ff/M/*t;/raji/ii/ of X<a't/( Auirri^au MtMnzoif lunrlrhrnUt. 
\\\ r. \\. I'.ovi.t. (T. S. (ieol. Snrvfx. liullelin lO'i. pp. :Mr>. 1.S03. Prire. 
•*.") cents.) Tln' Urst part of lliis work, Hllini: lil pa^'es. is a list of authors. 
Willi ti11«s. nott'S of the numlx-r of pajjesand jilates under each and datr 
of puhliratjon. Part II. tlllinir the remainder of the volum**, ifives an al- 
phalxt ie list of "all tin* nam»*s that hav»* btM-n a])plied to the jr«'»^era ami 
s|H'fii'S of invertebrates tibtained from N(»rth American rocks and n- 
I'erred hv aiiv author to the Mesozoic." with the place and date of their 
publication, the :iuthor. and the formation and locality or district 
where the IossIIn were obtained. w. r. 

Jfiftt'iriraf Shtr/t nf f/n J)fMfonn/ of Mimral /hposiffiin tht! Lakf Superhr 
Iit;/in/,. \\\ lIoKAt K V. WiN( iiKiJ.. (PaL'es 4(): from the Second Annual 
Ki'port nf ihe LMke Superior Mininir Institute. 1S!M.) The proy:ress I'f 
the (ii>cn\i'r\ of the valuable copper and iron de|M)siis of northern Mich- 
iL^•lIl, Wisronsi!). ;ind .Mium-soia. is here concisely reviewed from tli«' 
lim«- of the e;trl\ .lesuil nii>;>loiiarii's In the latest development, within 
the p:i>i four sears, of ihi' >urprisinLHy rich Mesabi iron ranjre. Th»' 

•)|oralioiis of Douirlass lI«»u;:htoii, ('. T. .lackson, Foster and Whitney. 
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Charles Whittlesey. I. A. Lapham, and later gonlojrists, are shown to 
have jrivi'ii very imixtrtant jruidance toward the establishment of thi* 
present jrreat mini njtr industries of that region. A iM)rlion of this sub- 
ject was presented to the readers of the Am. (jJeolocjist by Mr. Winchell 
in the last March number. The pres<Mit memoir includes, in an ai)TK'n- 
•dix of ei^ht pajres, a useful biblio^'raphy of the history of mining on 
lake SuiKfrior. w. u. 

Alaska: it« PJiyttical Geography. Hy Ikhael C. Russell. (Scottish Oeo- 
l^raphical Magazine, vol. x, p]). :J03-4i:i, with map: Aupust. 181)4.) 
Within the compass of twenty pa^jfes, Pn»f. llussell gives a bird'.s-ey«' 
view, as we may call it, of this extensive country, in which he explored 
the course of the Yukim river in 1881), and the district of Mt. St. Elias 
and the very instructive Malaspina glacier or ici-sheet during the sum- 
mers of 1800 and 181)1. The river systems, mountain ranges, volcanoes 
and hot springs, tundras, islands and ocean currents, glaciers, subsoil 
ice, the forests, the fauniu and the Kskimo and Indian tribes, are themes 
of successive {Mirtions of this essay. The finely colored map, on a scale 
of abtmt 175 miles to an inch, shows the approximate area of forests, 
mostly below the altitude of 1,000 feet: of the tundras below the same 
1,000 feet level: of the barren uplands: and of known glaciers, which 
occur along the southern coastal mountain ranges for a distance of 1,400 
miles, fn^m Sitka north w<'St to St. Klias, wt-st to the Kenai p«*ninsula, 
and southwest to Unimak island. 

Describing the mountains, Prof. Uussell writes: "The vast cordilleran 
system which follows the west coast of b(»th South and North America 
traverses southi'rn Alaska, ancL, bending wi'siward. follows the C(»ast to 
thf end of the Alaskan |H>ninsula. The partially subm<*rged continua- 
tion of the same system forms the .\l»Mitian islands, more than a thou- 
sand mih'S in length. Th«* culminating |K)ints of this great system in 
North Ami'Hca an* two rival p«'aks. Ml. Logarj, 11),."»0() fi-et l)igli.[*] and 

Mt. St. Klias, 18,010 feet hi<rh In the niMsrhluairhood of Mt. St. 

Elias the ranges an- monoelinal, and agn-*' in;:enrral structun* with the 
Great Hasin svst«*m mon* closclv than with anv other mountain tvpe 
now known. In common with all lofty mountains, St. Elias is young. 
The f(.H)t-hiIls nt-ar tin* ocean havr Immmi eh-valed at least .l.tHK) feet dur- 
ing the existence of sp»'cies of marim* molluscs now living in tin* Jidja- 
c»Mit waters, and it is probable that tin* main ui»lift nnM'ivrd an imiK)rt- 
ant increment at tin* tim<' th«* foot-hills w»'ri* raised aluivr the s<'a. Sinc»' 
the mountains were uplifted, ordinary stream erosion .sei'uis {u have had 
but little to do with their sculpturing: glaciers t(H)k [Missi^ssion of lln* 
depressions as sf)on as they were raised alM)ve the oc»*an, and the subsi-- 
■<iuent miKliflcations of their forms have been lar^'ejy due to ice-action." 

w. V. 

Pntrontology of Mi)ix,*an'. Pnri I. \\\ Chahles Hoi.li.v Kevks. Slate 
G*fologist. (Missouri (ieujugiral Survey, vol. iv. :M() pp., .'JIJ plates. 1 map. 

[•The discovery and luiininK of Mt. Lngan. with ihcilcicriiiiiintioii of its altitude as the 
highest on this coutincnx. wltc uutvd in the .\m. (iKi>L'»i;!sT fur last ,\pril, p. 2t;2. — Kds.J 
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JefFerson City, 1894.) Tlio first installment of tho report on the fossils 
of Missouri is a thick volume of some H50 pa<;es, besides 30 plaU^s and a 
lar^e ^eoldjjical map of th«» state. The work shows a marked, as well 
as happy, departure from most official rei)orts on the subject. Instead 
of devotinjj; all mrrj^it'S towards multiplying sp(.'cies and givinf^^ lonjr, 
detailed descriptions of the fossils. Dr. Keyes has attempted, and very 
succ«'ssfully, tiM). to makr it the foundation of a broad stratigraphic 
study of th»' «'ntin» Mississippi basin and a guide to the future d«'velop- 
ment of mineral wealth, thereby giving the reix)rt an economic twist. 
The work is ft)urfold in its character, l^rietly, it comprises: (1) An 
index to th«' fossils of the slate, through means of wliich the forms now 
kn(»wn to occur within the limits of the region under consideration may 
b«' recognized n'adily without recourst^ to great libraries: [^X) a bibliog- 
raphy of Missouri pah-ontology, l)ringing together all that has bntrn 
written on the subject, now so widely scattered aiul practically inacces- 
sibhs (3) a summary of what has been done up to the jiresent lime in 
this branch of .science, in so far as it ]MTtains U) the state of Missouri: 
and (4; an introduction tt> more comprehensive faunal studies, tending 
toward a siilution of stratigrapiiical problems at present more or less 
obscure. 

The general ])lan of treatnu'ntof the different Sfwcies enumerated 
has been to give under each a more or less compleie bibliography, by 
reference to which additional information or goial illustrations of the 
forms not here tiirured may b»» found. In the diagno.ses it has been the 
aim to give a rather full description of some leading rejjresentaiive of 
each genus, accompanied by a suitable llgure: and to make the sketches 
of the other members of the group brief and in a ijreat measure com- 
parative. Hy this manner of dealing with thesubject it is thought that 
the characterizations t)f all the species would be sutliciently ample for 
intelligent comi)rehension and for the particular uses to which the work 
will be put. At the same lime, the bulk of Iht; reiH)rt was reduced very 
greatly — to oin-fourth, at le»st, of what it would (Otherwise have been. 
Tin* horizon jiiid some of the leading localiti(*s of ejwMi species are also 
•riven. The matter of hK'alization has had to be rather general, allusion 
heiiiir mad<' to the nearest poslottiee usually, or in a few instances, as 
when th»' fossil is common and the disiribulion wide, merely to the 
county. With the grealer portion of ihe material the e.xact bed, with 
refrrenci' loa particular section, has not been made known. 

It is asionishinir what a vast array tif fossils is represented in Mis- 
souri, and this stale must certainly be om* of the most favored provinces 
in all ihi'L'real Mississipi)i basin for the study of ancient forms of life. 
The wi«le raii«:e of «:«M)l(»gical formations present, from the Cambrian to 
the top »)f thr Palfozojc, makes llh* record exceptionally comph'te, prt»b- 
ably nowlier*' surpassetl in any stale of ihe gnsit interior basin. 

Someihinir «)f the \asin«'ss of the pri'setit underlakingmay be inferred 
when it is learned that ill the twi> volumes on the subj«'Ct — the .second, 
It is nmlerstoud, will b»' i>>sue«l in the course t)f a f(^w weeks — there is 
c«»ndensed maierial which if it were written up afler the manner of the 
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Illinois reports, for example, would probably exceed in size the nine 
largo volumes of that state. 

On account of their varyiiijo: value for dassificatory purposes, the 
treatment of the different zoological irroups has not been the same. In 
order to carry out the main intent of the work, and still have it included 
within the limits originally planned, it has been necessary to condense 
greatly the consideration of many of the sections. The most character- 
istic forms of the various geological horizons, and the sjn^cies which are 
little known, have been considt^rc^l more in detail than other forms 
equally interesting and pi^rhaps even more imi>ortant. Certain large 
gn)ups have consequently been very briefly alluded to. Such are the 
polyzoans, vertebrates, and various sections of lower taxonomic rank. 

Accompanying the paleontological portion of the report is an intro- 
duction of nearly 100 pages, on the g«*neral stratigraphy of the state, 
which contains much new information. 

Th<; illustrations arfj largely zinc etchings, and for their kind could 
scarcely be excelled. They are works of art, j)erf<*ctly clear in every 
detail, and entirely free from that "muddiness" which is almost always 
apparent in work of this kind. The drawin<:!S were chiefly the work of 
Dr. McConnel, of Waishington, D. C, of M. Wi'stergren, who for thirty 
years was draughtsman in the National Museum of Sweden, and of the 
author. ii. f. u. 

The fjiPiter Siluri^in (htrarotUi nf }finneMota. Hy K. (>. ITlrich. (Chap- 
ter VII of vol. III. Final R«'f)ort, Geological and Natural History Survey 
of Minnesota, July, 1804, pp. O'iO-flJKi, pis. xliii-xlvi.) The crustacean 
order Ostracoda attracts but few paleontologists, although their remains 
appear to be as abundant as the trilobites. This lack of int(>rest is prob- 
ably due to the. usually small size of the carapace of these animals, 
though some Silurian and Cambrian s|M'cieshave a length of nearly two 
inches. Geologically younger si>«*cimt'ns never attain anything like this 
size. Miller in his "N«)rth American Geology and Paleontology, 1880," 
catalogues one hundred and twenty-seviMi .siM.*cies in eleven genera. In 
1800 Mr. Ulrich described or identified ninety-right additional si)ecies 
and twenty -one genera. ^ In the present work fifty-four siH'cies and seven 
genera more are added, making in all about two hundred and eighty- 
five American si)ecies of Paleozoic ostracods distributed in forty genera, 
a gmwth since 1800 doubling the known sp<»ci«'s and nearly ({uadrupling 
the genera. Collectors will do well to give attention to washing shale 
and other soft friable strata and th<'reby obtain many forms of Ostra- 
coda, Bryozoa, and the younger stages of Hrachio|K)da. Mollusca, Crusta- 
cea, etc. 

In this chapter are described sixty-«Mght species, of which fifty-four 
are new. These are groui)ed under twenty-two genera, of which Leper- 
ditcWi^ PrimitieUa, Dicrandla, Dilofhffa, CcratopHi^, ytacronottUa and 
KrauHflla are new. 

**In the Tx)wer Silurian dei>osits Ostracoila occur in such great num- 
bers and variety, that it is doubtful if the n-presentation of the order at 
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any subsrijiH'iit tiiYit* oxcfotlt'd tlu*m in tln'sr ri*siM»cls. Thft proUomi- 
iiant tviM's. Lifttnlitudo jiml Jht/ric/iiidtf, mon'oviT. after holding their 
own iM'rliaps ihrou«rli tin* I'ijimt Silurian, wfr«» «;n»ally reduced during; 
Devonian and CarbonifiToiis tinn's and are now totally exiinct. Some 
recent families and jrenera, on the other hand, an* sparingly rei>r«.TStMited, 
b\M, taken as a whole, the Silurian Ostracoda fauna is decidedly ik?- 
ciiliar. 

'*Tln'()stra<-oda are everywhere |MK)rly represented in thi^ Triassic and 
Jurassic. IJut in the C'retac«'ous and Tertiary strata of EumiK? certain 
pMiera, <'/////« rr espreially, tlevelop an astoinnlinir variety and wealth of 
s|M'cies. The forms are all small, and this may in i)art account for 1h«? 
fact that so few ha\e been discovered in American de^Mtsits of these 
aK«'s." c. 8. 

Klanent:* <le P(tft':onfitlnf/t\\ Par FeIiIx Beknahd: Mtt'oruJv partie (p]». 539- 
1,1(>H) ,tnr S,l jUjunn ihtun U Ujrtc. I^iris. l^ailliere et flls, 181)5. The 
rea(h'r is referred to vol. xi. ]). 410, Ameuican (lEOLCXtisT, for a n«»tict» of 
the first part of this w«)rk. With this j>art the volume is ch»sed. Al- 
thou«;h ii is especially addressed to French scientists, in wh(»se litera- 
ture it certainly must constitute a valuable contribution to the philos- 
oi)hy of paleuni<)lo«fy, it will be closely scanned by many in other 
coiintries who may be seekinjr for a concis«' presentation of the evolu- 
tionary steps and the structural n-lations Ihroujrh which life uiH)n the 
•rlobe has jmssed to its present staK<'S. The author's chief aim is to 
exemplify the relations u[ paleoniolo«ry to thr* biol(><^ical sciences, rather 
than to s«*t forth the special characters of numerous si>i»cies or /ijenera. 
lie dw«'lls, therefi>ri', on the morpholo»ry and the internal structures and 
on the einbryolo^'ieal <level(ipment of fossil forms. The march of life, 
therefore, :is jipeseuted is a ^Taud panorama of evolution. The work 
covers both animal and ve«,'e! able pale<)ntolo«;y. It is specially full in 
till' diseus*iion u{ the mammifers and reptiles, and many American dis- 
roveri<.*s in the devel(»pment of thesi' classes, are credited to Cope and 
Marsh. With this <'\cep!iori reci*nt American paleont(»logical work is 
not s<» fully rec«>L'iiiz(Ml. N. h. w. 

Prinn'iH'f rf Mi'thothH tVttmb tU Con'tbttionau wot/en tJett Plant en FottMilett. 
Hy Le>tkk V. AVaui). (\)n^Mvs (ioolo;rique IntiTiiational, 0)mpte Rendu 
de la .Im." S'ssic.n, Washinirlt»n. 1801 (published iSiKJ). pp. 77-U)0. This 
paper Jidnjils fully the view pnipounded by Huxley that the successive 
llf)rMS of (iiffi-rent regions should be re^rarded as homotaxial rather than 
conlemporaneoiiv;. thai is to say. their contemjKiraneity should be meas- 
ured rather by their iren«'ral aspect than by strict identity of siH'cies. 
F«)llo\vin!r this principle. Prof. AVanl laxsdown, as rules of practice in 
pal;e(»h».iany. tl) that \\\\\ siriUin;: deviation from homotaxis implies a 
wi<le ditlereiice of (hit e. (plot i riL' t he discovery of a few (.'arbtmiferous 
fossils in strata from the Iliirh Alps supposed by de Heaumont, in 1828. 
to l»e of Mesu/ojc aire, as absolutely conclusivi'; and Ci") that stronjrer ev- 
idence is ni'«-de<l when the tliiferenee of uire is mu(rh less, as in the ca.se 
of the (iay Head strata, proimunced by Shaler to be of Tertiary date, 
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but now pniviHl by David Whit«', on thr I'viik'ncr of u \\\.t\iv colU'ctionof 
plants, to be Middh* Cretaceous. 

Prt>f. Ward next discusses the influence of jreojyraphical distance in 
lessoning the identity of sjM.'cies in floras while ihe «reneral asjH*ct of re- 
semblance continues. ContemiH)raneity of date may be inferred from 
identity of species, esix'cially in the more rec«*nt and not geographically 
remote strata: yet as we recede to a greater distance the forms an* ex- 
tinct and their exact relationship isdittlcultof d«*terminalion, esjw'cially 
among the cryptogams. Hence more stress must be laid on close alli- 
ance than on identity, because thi» latter is frequtMitly a matter of 
opinion of the pala?ontologist. The essay is a valuable contribution to 
exactness in this department of geology. E. w. c. 

Fo^il PltintH an an aid to Geology. Hy F. II. Kxowlton. Journal of 
Geology, vol. ii, pp. 36r)-.'J82; May-June, 181)1. Prof. Knowlton takes up 
the same (Kjints as the foregoing paper and quotes larg<'ly from it regard- 
ing the use of plant fossils in the wid«'st s«Mise. As tt) tluMr value in a 
more restricted area, he cites the remarkable case of th«* Dakota group 
which has yielded 460siM*cies of plants, with only ww invrrtfbrate and 
no vertebrate fossils. Of the plants 3f)4 species are iwculiar to that hor- 
izon, and many of these arr so characteristic as to st-ttli' any question 
of the age of other Ix'ds in which they occur. A'^ an instanci* of this, 
the author quot<'8 tin* mistaken n*ferenci* of a .so-called siM'cimeii of 
StrrcuHa tlrakdi from the Big Tueumcari beds of New Mexico as the 
only known dicotyledon from tht^ Trinity .san<ls of the Comanche s«'ries. 
It is, he says, Sterrulia xuoirii of the Dakota group and at once d»'ler- 
mines the age of the stratum in which it is found. Several other in- 
stances are given of the importance of plants in determinin«r the age of 
Cn?taceous strata in the west, such as the Culorafh) and Middle Park or 
Denver beils, the Livingston beds, and the tJreat Falls beds in M<»ntana. 
Economically. Prof. Knowlton shows ihe value of paheoboiany in quot- 
ing the case in which Zeiller i)redicted the discnv»'ry of a bed of ct)al in 
France on paheobolanical grr>unds. A shaft was sunk, and at the d«'pth 
of nearly 2,4(K) feet coal was found, having a thickness of about fifteen 
feet. 

In writing of fossil plants as a lt?st of climate, the author says, "the 
absence of rings of growth in the Carboniferous conifers shows, as long 
agt) pt)inted out by Witham, that the seasons, if such they couhl have 
been calh'd, were either absent or not abrupt." Wilh this vii-w it is 
not quite easy to coinci<le, because, not to discuss h«'re tin? somewhat 
doubtful case of conifers, there wen; undoubtedly (»tlnT <'arbonifen»us 
plants whose remains exhibit distinct rings «>f ^'rowth. 

In conclusion the author justly r«'m(»nstralfs airainsl the l«n» fn.-quent 
practice of expecting the paheoboianist to det^M-mine men' fragments of 
I>Iants uncritically c«)llerted and ill i)reserv«'d. As wi-ll miirht a botan- 
ist be called on to name scraps of lising plants badly «lrie(l and sundered 
rrt>m each other. In both cases the task is oftt-n imiMissibh- nr the re- 
sult is useless. K. w. r. 

llic PfMt'PiiiH'CHt' Dumtroiihiam of tin- (mtn/ nf unHtfHrn fUilifitrnin. I?y 
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AnpkkwC. La\vs<»n. I'liiMTsiiv of (.'ulifnrnlii. l^ilk'tiii of the Di'parl- 
nn'Mi (»f (i<M)|o^'y. vt>l. 1, pji. 115-1(»<>. Willi two pl«t<'s and a section: l)«?c., 
lH(h*J, Th»* Irrm tUmtfrnjthUin, |>n»nos«*(l by Pow«*ll for iIh* con«?ctiv«» 
proc»*ss<'ss of (It'fiirmalioii of ihr rarlli's crust, iiicliulrs nrmieuy (moiin- 
tain-makiiit') arnl tpiin^f/rnj/ ((»oiitin»'iit-inHkiii>r). Tho last of lh»:*se 
lornis. as pri>|K»s<Ml and iIj-HiumI by (iilbrrt. <*mbrac«*s thi* uplifts and 
snbsid<>n(*«-s of lar^rc areas producint; continents and plaleaiis. ocean 
beds and coiitiiifntal basins, lioib these classes of oro^onic and t.'iN*i- 
ro*r«*nic earth-inovenients have pHnluced imiM»rtant chan^4?s on the 
C'alifornian coast since the beijinninj; of the Quaternary era. 

Marine wave-cut terraces «)f iM>st-Pli(K*cne a«re are described by Dr. 
Lawson in this pafNT a! numerous places alt)n^' the distance of 450 miles 
fn>ni San Francisco southward to San Die^ti, near the Mexican bound- 
ary. They show an eiM'irojreiiic uplift of these j>arts of the coast (and 
the author thinks the upward movement to have been continuous for 
all this distance), diirini: jM)st-l*liocene time, to an extent of from 800 to 
l,r»()0 feel. In the vicinity (»f San Die^o the successive terraces marking; 
sta;rcs in th«' emerj^ence of the land are apprtpximately 800 feet, 700,000, 
.V20. IMO, and H><) feet above the sea. Pleistocene marine fossils have 
been collected there t)y Dall al the altitude nt IKJO feet and twelve miles 
distant fr<»m the sea. At San Pe<Iro hill, a j>n)jeciinp |K)int of the 
coast about 1(H) miles iiorthwi-st of San !)ie^«), the ap|)prf>ximate alti- 
liides of the (»Id shore lines are 1.210, IJUiK »(K). m\ TOO, TkM), 400, WJO, 
210, KJO. and 120 f.Mt. The terrace at 1.240 feet has abundant water- 
worn "rravel: and lh«- limestone of this shore, as of .several others lower, 
flisplays plentiful boriutrs ma<le by lithodomous mollusks. On San Cle- 
mente island, about 7.'» miles west of San Diepi, twenty-two terraces 
were noted, the hiL'h«'st bein^' 1..")(h» fe«'t above the sea. Santa C'atalina 
island, however, lyin«r mulway between San C'lemente and the San 
I*edro heatlland, shows in> such eh-vated straml lines and ap[K'ars even 
to have l.>een sinkin^r while tlu« areas south and north of it wen* risin^r. 
Probably other islands t>f this irriMip also st(K)d hijfher than now and 
even had coinn'ctitm with similarly higher adjacent iM>rtions of the 
mainland duriii<: late Tertiary and early (Quaternary time, as Le (\»nte 
conchuh's for Santa K«»sa from the t)ccurrence of elephant bones on 
thai island and for Santa Cru/. fn»m iM-culiarities of its flora. The.se is- 
lands lie opi>osite to Santa itarbara and are about 100 miles northwest 
of those examined by Dr. Laws<m. who.se opinion that all the coast 
shared in the Pleist<»crne uiilift needs therefore to be tttsted by furthiT 
exploration, especiallx throujrh Santa Uarbara county. 

Al Carmelo hay. :*.(m) miles northwe.st of San Clemente and Santa Cal- 
alina. and about SO miles south of San I'Vancisco, abunthint evidences 
t»f |M)st-Pliocene suhnH-iL'ence and re-e|evation are again found up to the 
hii^ht of S(M» U'v\, a^ noh'tl 1)\ Dr. Lawson in pages 40-57 of the .same 
Volume. Snnie IKnniles farther n«»rth. in the vicinity of the town of 
Santa ("ru/. and westxNard alon*: the north coast of ihe bay of Monterey, 
nine terrace wit<* ohser\etl. the hiirhest l.ieing at 1,200 feel. 

l»esi<l»'s the ep«'iroi,'«nii' mo\eiin'ijis which are thus ascertained, a n*- 
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i!iKrkal)ti' Qiiiil<*iiiar> nrniiriiic dis'urh.trici' li;i> uiilil'i'd .iiul s!>">|>!,v 
lill.'il tlu' ihirk Mi'i-ffd .s«Ti«*«; rl rirhU !■.»^isilI^^M■:ms I'liocfiii' Siiml.-'i'in* 
siraf;-. «»ri i\\*\ ]MMiiri'*uiJi (»f S;iii I'lMiMisPn, a fi-w f:iil»'s sunih A ilu' ' m'IiIi'!; 
(irtti*. Til'- niit'-r jiIkI raiisr »)I" lli«- (ii>lnrh. d :m":i is i h-- ^fuiii:iiM nmiiii- 
s.iiti. all in-ilM-nNl iMHtluij nf ili" irraiiit'- lliM»r mi wli-fh irii' Mi»;(»/«)ir iiinl 
pJiuc'iM" In (N IukI 1)1- mi »l(i'i»si!«Mi. Tin* lah-sl .iiiii clii-'f »i|Hift Mt" Mm.- 
!;irji nuiiuitjiiii hmk i)iaf«- a; ili*- .mkI I'l" ll.f I*li.n*'Mi. ami <hMin.ir l*l«-isi"- 
('•■iii' I i!n«', wliirh jiisii. at'r'ori]i:i;j tn Tiirui-r, iiM''ml»<l lln* >iinilar iip- 
ilTn.-^; iif MutiiM Diahlii. jiIkmit "if) iiiilfs ••a<t-Ti iifli'Mst nt ^aii Fnimi^rn. 
iiJid iiii thi* fitinT sjUi- «,r ihi' Lrr<-; r \a!li-\ nl' ( alifnri.ia a.:t«»r«lii)j^ tn [.•• 
(njHr. DilliT. l>»'fU« r ainl oiih-rs iIh' i'\ifi,'<iv<.' faiiliinir ;ip<1 n!:iiiir 
Nvl»i<*li i>it«r|iiiMMl ^]\v )in Mill lii^h Sn-rr.i N'-va-la laiij* )>»•!• '1il'*mI t(» !:i- 
sjiTiii.' ji"ri«Ml. I>p. Law sun ihinU^ ifial a |«a:i n\ !hf an-a of !h»' M-ti-'mI 
sri'irs li;ul smik I" ! fii" N-rl ic.r I'vitrrii uT iiv.jfi »liai: a iiiitf, lln- rin a^^l•■••ll 
! nirkui ss i>r tiif M-rii'S, diii'iii.'/ \\.^ <i" ("'^i!;. 'ii Il> ^a-ai h«*rl> iniw •nil 
rn»ji at Mil' ::]l!!j|i|i -il I(mi f,.,.t .,i)i,\i- ;>•,.. s.,,, pi.lu'ai intr an ''iiiallv 
L'lr-at r'-«'!i'vat!u!i. iini i! i hi-. >i rii-s rn'iiiM i>'rl ',\\^• f>ii: wardlN (iipp.'ii;.'' 
l>'*iK <if :mi a'.l va!icin'/ d.'ltji l.»niiiL;!»l l»> !!•• Pllm.'' li"' i-f im sr-uiali"- > i»i" 
Mm- SrnTalii* ii'ii a'ul Sail .l«»M«|';iii 'Ini-!"*.. as <lMii'r nas siiu'ir-'sl'-rl Tur thi* 
si?ii!!ai!> •M* iixjv" v...^.ti,llJ ..f i.u |;i.««| si-afa at <ia\ Il-.-ad, M.irJ'na*'' 
\'iinvar«|. Ill' p-ijiti't il sirn<i'i. ii«"i- atid • :i'-i'iiii'. iii'Wanl :i»'i\'iJi''Hl '.v-'iltl 
{»•' r'-«'ini!'Ml iM 111 nil-rat*' a!ii.i..M>. 

I'll*' iiiiii-t»r t h:' «^'[iri'>>ii'iii n) 'ai'LT' i iii'i iMh-> t'l th' ''i".!"-; iiiil .nupv «•!' 
»li.' i>la;nls s'ltitb'.* mi! !■» ^aii ! »i» -•» i- !• fini «l 1)\ il'i- .-i iiih'-r l«i : lii |*'i- 
iM*: T»" inTin!. ami Jliai of 'li'M- iij>ii:'i :«» tii I"'Wt<'<»'iii-. tli»' «l:\!>»i"ii 
li«^t\V';«-ii ll'»- 'r«i: :m ?■■. j.ihI (.>■! '!( ii.ar'. "las Vii-'i '/ m.ivivii '>\ .■! li •.• i: I 
nviTsal in lIi'' i |iri'"'i::i'iil'' tn'«- <riii'Mi^ <■!!'! is (':>M>'i.:i i'«Lri.'i;. "I'lsi- nj- 
«:ird nh'\«T;.i'iii. -,1 • MIS tn Ij.i'-i \\' :i i-l. -i-i'i i.-!al»cl » ili- ii:ih*h !.'!■« ;'!»-f 
ufilili 'lOcur-iii^' I'anh"'!" ii-.ri)i. wiiu'li •"»:♦ in;-', fr-rn \\y I*;.cp|!r in i'-.- 
Ar<Jtf aim Allan Mi* «"..a>ls iiiu .1' ii.- 'Mi.Triin.'.iii- . "•.■Mi«."«i in.- ;.(i':ni nla ■ 
1 mil iif tl!»' N«'P?'i AiniT.r.iii i''"-'«li'«!. 'I'l:. I'li'M-. Ill il"|.ri •.-i-K. ii«a." 
: r.r ( i.ijii<'i' ( lai • |rr'niiii ■ iiiLT 1 ';.' 'i"jjiisir-"ii it !!•• M-ii'iH «• lirv •■•■■■i.s 

In ]|!i\«' ht'iMi «.'itrli 111 j'(ir:| ||''i»I:n ,viMi ;. -Miiir^s jia I L'"mI» »' .'.'rv il i- 1:- lliMi 
IH'U' iiack IniiM 1!'" i'..,«.-i, siiici* tin- s-iv.-i""* \\«ni!il lu •■«! ni'ii-.- : ii.in in- ir 
pft >'iii slii)M< fiM" I ra ii.s|i'ir!at i< u «'l I 'h' -.;i p-U !"■»! nniiL: t 'i- M-rri'd --l r.' la. 
fl IS fi:rth» 1 ixii.l'iii llial ih" i*!ii?'!iii'«ii' :i|)ii:a-.al a' ji"- (•'ijiii ji;a'i«-ri 
raisifl ill.' cnaNl mi lln- -a! iiu«i«- -i!' San i-'..,!'"!-.-'.! a! I'*a>t il 1 IV. \ a'>i'\ '■ 
iU l>rl-^f•tl1 li!.:lil. ;.-i sii.iu n ii\ 1 r-.i- vl- pi ', «i: !!,• .'ii.. Mini al ! =!•■ 'i.' :i''. n • 
•■si pari "!' thr ( i-i!ii''i; '«;ilt', aiid 1»\ *\\\ ''I'l il- d '•►\m-. ji'-r: ii-i. ■■!" : i-- ! r:»- 
illarx xali'V ti')\v in'cinii'-i hv t '•<• ^ai- ! ran'-i.*'" ai'-i Sa'i I'.;'-!-- 'ia\ •>. A 
imii'li ;:i*«'ati'i' X'Tji-al i-\!i'iii 'd* ilil"* iipi.l'. ':i- *v-\.t. >-<i!.« ■ ■ 'taxi 
hvK-v ailaimd ami ln-Id iPiriii-j a i:ni" -«Mf^'i-ii|;i i";' l**- H's. .u ■ 1 ii,.. 
dii»p'\ SUhiMi'ii,'! d X'llIi'X-; ci|»!iii>- C'l' n-n!al '■•»!•. \\li'<:» !ia'" in'-ii 
Ffiailf Um-wi! hy Da'. i««-«Ii and l,i'< "ill' y> ,\ i:\\\.i i-i:. di pi ' «.:" :.>'•»(» i., 
vl.l'^J ft'i-i w h- I.' iii-y I'll ^s In.- :'. ni-i':ii .- i:l»ir.iriMi- •• i?i:«i"r hii i»i ''i''" 
fi'i't luluw III. -.al""'!. 'I :!•■ I il.' i.Ufl. I51-. • ■. 1 ' 'S:- . ,'ii- > I'f I'a :i- III s .Ml 
;i hij^li "ii;i»<1. willi pl«'ii'. i "'wl laii la'i. !n.i\ ;.:'\«!i" n .i:\\ I'.tpi.l und -osii'- 
lilivs i!idi'pi'nd"iif III ;t»i\ .-iimmi.! * iiMi a ' I iinpiMla.-i .•;''•■>•. m| : ,i- 
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IMi'ishK'iiH* 'ip;ift \\" ni;«y "cri"- :l'<- |i:i>sa*:i' t)i" [iii- in.i»Mii"l h l!.«t»-. !■!■ 
f.*<-ii1 itirtit Tij S;iii!u li«»*<:;i is|Mi,l, jj it shuiilil In* I'lUiml l!!:;! th-- |i:;*«*i'. r.i- 
Plim'i'iii' MiliTh'T'-T' (M*i* a!l'"riJ'vl iIm •iitir*' cmisl 'mj< , vv. i 

tthif in«t '[t JI'i*^f^i'" /»«'.'/. l»^ .1. I5l IIU TmikKIJ.. (it l"L'n':tl M ;i ;^M / i j i\ 

IV. vni. I. pp. :;••»:;«»;». \\\\\\ Tiu.p; s.pi.. i^m. in n,,- \.!,i> isir^ .i.? 

I><JKl M r. Tx ii'rll. In!' ili.- (i<'iiiii::»i.';ii '^nrwv nf <':tii.niji. "\j. ■!»!■' li «i Lml' 
r»'^i«»n from tin' < 'lii'P'lull rivrr- .-nn! Inki^ Ath;ii»:i>.':M 'i^rthr ."i-i \< ml i 

plnr:Uii)ii ii> l^IKi. rr«»ni uliirh li< r<:uiii«'«i aliHiL' 111-- ^v<s! i''»a>! « i II'; I 
sun baN, was ;:i\ I'll iiilh'* Amkku \N ^ii:()i,tM;i«»T lu^i T •hrnai/ .'iiiJL'«* Ki".'- 

ill tli»» pri'siiii >lK.ri pjiji'T Mr. 'l^ri'li !n»i»'S tin- .•rv-'ini-n;*- •<» »;■•!■»<• r- 
l;ii ri'ii ♦^HinUintK ^ ;iii(l i*«»iiirl«»nii'rat« «*. rut by \\:\y iliUt.^. '-:!.'»ii::* 
iilJii»I(»i:irj<ll\ Nvi,lit!i«' l\f\v«M'!iav\;ui v-rii s ul" tui- i.-i »!• Suti. i ii r rr-;.i. ,< 
ami pr«i!'.abl\ ul" iln- »«ain»' r;i'i». sohih (jf Aii:al).is<-H ai.tl Mla<lv '.ii<«'^ ip- 
fniin IhKiliamii lal:*- tlai. <;*r lit* i.i •",:; ■' ;{ii . aii.l l.Miir. Is'I^ ♦•< I'-i::'» . 
witi; ah .■■.!ii:inl«- a'^-in .MK» tV.-i .in.,., in- s.'a) norl!'- a^j .-.i!-- •■..>! t,i ;•-■ 
ln'a«l iif riji->t"'i(!-l«l iiil''l. l..t"ir"iitiaii ;.'['< i«»s iMr-iip'* 'fi- ir r;!: 
si(if nf lal\i' Alli.jliaNca. r -.iclji'- ihiiiC" iiorlb"ast tn I )«t'il^aiiii' ^-ii », .i.u' 
ai'aiii app«:n> aloii:.' Jli«- »n»rt); ^'v.h' nf ('b''««li'ri1«|tl inli f. l\ir l.V'. ni.;.^ 
smitii «>r litis iiil't ihi- iir«Mh*r part of fti" iiorlbw. ^t ^li'»r.- if iFn-iv.i 
ba\ wi.s fi.mul i»» ••intsi'il •»!" "vrr* i-u lIunMiian M'hisl>i <.'-.ji !>. ?n :.'..■ .'ii:!!;/. 
M-ins. aii<l ^pvitiiJtMl • |ii«iiii;-l, \v';li psirliflrs nf <*.)p|.t't p\ !':i.«s, ' 

Tb;- whiil" r'-;::inii ba'^ bis-n sli*uii::I\ L;!afiat«*«l, aril "}••■ ;liri ri in'is ,\ 
ill" rMrr-ijis ul till* iri-««li.-i'i wt-w i:'»l»'il in liniMlr«'iU it p'ar--<. t /p tj-.;. 
npi;4'i- Ciuist iiiil i-ni'i- Hi" irl'i«''a: iiimNi Tm-n! wa.s ])n ". ;ii'iMuly Nuiiiii ..; a 
lillli' w-'st i»! "iiiiih. al»«Mil lak*' At liabiso;*. I'bu'k :im' O.ily laK«'>, :;!j.i 
al"n.i: i]»»* T'l/ -i riv«M' ■«» l>«)«ibamn laU«', wist; abn i. Mv- rj.ii'.li par! i.t 
l>i-i>ba';m laKi- and ab»nir t)i" ii"\t i"i'.' nii!i'si)r tb«' Ti'i/i.i rr\:-; jii ji* 
riMirsi- ! hsi»'.j::). Wbarimi, Aixrili'i-n. mimI Si-lmllz lal.ts. i;i.r'b'.\'f*»i ! i,? 
.•n I5a1\"'r l.-ilv. ii = -\i s«ihiI'»m.^; nf Scbii::/ Ij''\i'. aiul ai-Mi- i !'«'>i« i :i mi! ,••- 
Ii'i. '«.iiitb t.» sonMi'-;rv. :inM.Lrl'j" n•l^^b^v^•^1 coa^l n'" Hirls-.n >ia\, .il>» 
*-uiiibi:i*»t . antl i:i 'I.' ii;in.i,\ -n FhI < Inircbiii. a* M.-- !ii«.i'tli ' r ii»i- 
''bMrrbiil ti'iT ibr-'i- n' is I't' >n"a- \\'*'Y*^ uli>i rv<'il. ri <p«-i i m-i;. i!. '^. " 
W. 1..S. liv"^ !■:.. \'i) N. sM I-"., an-l \\\\ X. .".".' K. 

'l'b»' . Mifl- w a! li M i'lat u-n at V r: < 'liiii'i'biH i"* ]>ri'si»; '. I'd jn 1 1'.- s»: in lii j s % 
anil riMiMi- ru sitli-si'l t!i" bills, ami Mr Tyrrt'll «.h|'(h.^'S \\ 1 O.. ilr 
iMtj"«i T' t"«u* 111' Uii- ti'.r-i* run. -M'M bill i* ina> b» ipii-s' iiin-nl wm-'bi'/ ii i-> 
ii"! Hiin- pr'nb.iliiy ibr orcti'«;!. b"ilin lHis» i li!;, as -ally a* ; I'.' h.-in* «•• il,!^ 
ir.ii'fii : ]■ KK 1. ■^.~. rtl.'l Alriis.'Mi ■•( lil-' ic" shi'i'l. T'm' i v?' IlM^t '^ ': ' •'■ 
r^*' ri:ii 'III, '.Mil !ii t'l-n b nlVr.jbl- tu ;"'• '.ini'Mii <!• j-.i;';i.:«' •»! t|.r ,ii , 
wli'-n Un-!.iM'l w.i-* I'c ii- -••■•I f'l in iisj^i'ar i-!i jl:ir!;il ••If. .-ii u. ni • "..i. 

Ip MMi'-Hiini iitin ' !'.• ;ii« IS (> ■ 1 1 iiiNi n st r:i;t «n<l iia' T-f I;-il .i\\ -m i 
.i'i-';bi < • i M'T'- i":--*'i' ! bail I'Xi-r '.I- 'aiiii ;i i< ..»^ nti i-ai b .••lil» Tlus in^ •' 
in:.' ai Imm 's *■. li i ■ •• -.| rri"«; . !:»rc ■■ 'J.\!m,\ rn«nt nr b.i.sin inl- I bv i" -ii i ■ I 
'.,ii III »b«- i»: ji!i.j11\ it". ciiV' t-mI ai'-;;. in«l to bav»" linallv 'i.tm.'*! lii- 



Jif'vittr '{f /irt*i}>f Of'o/ofjic'tf Lifrm/nte. 



anu 



*j\,\r\:\\ I'urrriits :it Fori ( 'luiiclii!! iKii'ibi.'usiWfinl, in a nt-arly op|i'.»sit»- 
(iii'iH'lioii to I in* lonni-r ciMirsj* 1ji'I«1 tliinnjr ih- jTr-iiti-r pnri nf }\w iw 
:iV«'. If ihv loinl lilaCiMl frn^liMi. hrsiiii'S |)l«>\viii;r up tlh* pr.'irhuMJil 
strrji rji (l''|H»sil'* and i4«'i.»'r;il inu'iii" of i"r>i'lii,irv chiv. n'!no\>Ml ;ilsii on 
tIm :iviTaj:ri' sivim-jjI or riKinv I'.-'-t. from llif uii(l"i'I.v'irijr rork surface, ii 
i^.«'\ 'ill-Ill thill niMrlva!' ' I;-* siriit* pi'uductMl iliinii^' thr 'arl\ ami nuildlc 
f'.iriioiis ot ill'" (Jlariai p"'i'»(l w»'i-«' rraM'il aiul tln'ir phuM-s laKi'ii by 
iali'i mai'kiri^js. Th-* if«'-f;ui'r«'iils ri'Ct>rd«tl by Mr. Tn rr< 1 1 radial in:; if! 
all »li»'«r!t ions oj.t vv;i I'll Iroin ilf r"jfion wi-st. «.»r Hu(lsi»ii lia\ aiul<a>l of 
l!» ■ Ti'l7"'a riv«'r !li'ri'f<ir.' proViably ai»' ri'f''raV«l»' to a lai*- siain-oj ilj<- 
i'l:n'.iai ji'n. \vh<n ihi* pr»'vii..ii>*ly ll:ii*k [larl of tin* ifirslu-fi co\»'iinL' \hr 
basin of Hiuisoii b:iy liad brm niched, -.hi arctmni of in«' iii;rn-s.s id" lb»' 
S'M. nn.r-' rajiidly lliai: lis jujriivMisat tl'i'Wi nI and a! il.i- -asl and soinli- 
rast. wliicb cons('(pi«-!;tl,\ for a fnii«' llow«'d inl" 'bi' Hudson bay ari-a. 
'•Mifr:. viFiir ili'- bi''"ii and niosi pli-nlifid ctnir'^^-s of sJriatjon. 

An opitiio!! ht'Tr stat'd liv Mr. 'I'vrvll. ilial Ihidsiih ba\ wa.^an inland 
■■»« ii dnririir ibf ice aire tbiis ;ip)i.'ai^ lo bi- inn- on]\ f'li iN fluNini; o-- 
t'bjiinjjbiin •'[MM'li. Tl;*- nor-; l|.:is! ".-ard and rasiwaid i:Ia«'ial *^tria* n- 
'•o.drd b\ Hid I on tin* HiHtii- a^Jfin sj- ir- > i»r i)iis;rn'al i>:i\-aMil aNni:.- 
IhnUt'ri straii. w itb lb** •■\n-nsinji of ! I.r i''«*-.sb.<'«i Un nco ••a>.U\-;, [•<! |>i.. 
yo'id \\\f pr'!S» III «.'<iasi nf ij^ibraduv. and \\> i-xi'-n^ioi: \\i*^\ ai'il nur'l'- 
wrsi, US sliown l.>v linsM-li. DaW'ion. and .Mi:( 'oiin^'M. lo ib«- nppiT pari <it' 
Ii:-* Viikoii basin ami l)«'\ond lin- iit.\«'r rimrsi' ».f ;bf Maflv h/.n* riv ;■, 
iiidii'atr tiia' ili!ai'»'a t.»f HndNun biiy dii;iiiL' ti!i- ;ir»':.hT (lari of ijif 
' »iji(*i:il pi-riod was »"n\«'lo]M'(l hy :i iM-Mp ii»i'-sb»'i !. wbicit, •ii-ri ii.s- nf lis 
tbii';%n«'S'*' and Mi- liij^bl oi" iis stirf;.!**- in thai i"i-[itr;.I »nr: on. «iuif|..\V"<| 
i-a^t inlti I>a\ '"S .>1 rai' and il:-* N -Jb Allan! if 'ff-an. >o.ifb ami s.»'iili- 
\vt'>t hi in.; t)ljio Mild M.>.Miiiri ii\irs. afi(! litirMliw-^i m ili.' Ar«:ti<* 
ocaii n«.rl!i -if tl.f inoiHlj of iIh Ma'l;« n/'*- hm; - mil. ff Und.-on l)ay 
till' h*' -sln-i t Ini'l i' . L'ii'atJNi I'Mi nl m tin- ri^iP-.! Si.-,-.*;. i« :u-liirrir in 
sniillMi';-. Illinois '?'-ii :r>ili >. fa "I !.»r s<;':lb I'lMil'l >•'■ w \ ink and N« w 
Fitijihuid. l>;ifl lioir. •m-.I I'T limU«.!i ba\ a!>o w.i^ rarrii-d far sir:i!ii- 
wi'slwafil. H«Mi!d •:>■)!■ a |». I'liliiir r«:'iv f. ■rrnaiion wlii<di «#r.-iii'» in |>!.m-i'. 
*•" far "IS kimwn, -iniv on ' in- • a*-.i <iiu ,t uf ti'is bii> \\ b ic ii .i.i'row.s inio 
Janii'sbay. ;!:•• ):'• niil'.!! in ib'dri'l soni liw. ■>! .if .htrnfs ;i;i\ and C'l'- 
liiun' lo >'oiili |»:i:m;::. ;jnii soi:iMi'rn Miiiii»'>:"ia. ].<»««' iniii-fnmi ;b ir 
I -n I crops. 

]>ruinliiis or r.d:i»'> t*t ij':. jind 's^.m- oi ri !«'••% .»: >,iiii! ni:ii i;'.i\." 
ui'i-.' i'ornTnoid.\ lonnd. il-roiud'oiu t|i«- ; ■I'^ii'ii i.ravfr- -! Iiy ^I^ 'I-rp;; 

♦ •II ill- Mri*a> ba\ i::j- :». r<i'.i*^i.|i i abli- :t\i'rai:r t.'.!«*ki-i <;^ nl dii!; il. p- ■>!?».; 
!»iii smwf Ira^'i-. as ! ,i" ^iiir<'s if i 'li'siiv'ifld *;»" ■; a'lo p.irl uf ; !:• ii<ji i! 
\f4-s». r-oast -if llMi|>Mn b:._\ . -jii' iiii'LV ;\ b.pi' I'lrk. '| m- -skc!-^ ij'^ii ■,%■•:■ 
•.•bs« rv'-'d to « -Vt Mid J' ■ ir <iisi;iiic«>, •■pj'rali-i lo •..'•.•■ L'larjid si.r:a . M\.-r 
)j ill- and lliKumb v.di«-N s anii lai%'>. ijnii' r":r:ii"in«-s.-. of •:.»• -.iirl-.r-- »■■• - 
i«'!.ir <»r ill" i"o'n,ir\ .*' 

i 

Sl'-iiiid Ml I > of lb" L.il'- til I- "a! or « 'M,:;,>pl tiiMiu-r-i:*- sul.i;i"rL'« ::i'- 
wiM'i'Sf'ii a'oijij.ili ! il'- Iiu ••.).•• I i if lii" '!'» !/'a i":\ i-r. jIh' lir^l aiid b:!.!. 

• •.-»t bidu'T al>«»irt i'.H.i ;. ■■! ;'.b'\i- th.- jii'.-h.jil s»a m'vtI S" iv i "Vl < 'burfiiis 



1>1<' I'hi Aw* ■''■''• fit -i't Its'. Nfir#imb. r. l"*f»i 



h"«v>'»'":. Ill 'ii.' ■• '"{ . • "i:;." ••• •■■>» '.I !■:. v«" r- ;i>i. •; ii'* '• n'lV* i»i"«fi 

i"ijji'''i. • :« ■!■ \ ,' :i •i.-»-.- ■■•. .:,,. ', 1^ ■■.i;|v .1 > IT I! ir«''«. J «."'J ;i^»"l •»'.- 
-.vjinl 'A. r. 



p h". 1 -s :?c ) N A ;. . A \ o >:■:;• i ;•: n r 1 1-' i c n e w s. 

li:iS iM 1 ;. ':|t{i(>:iit< «! t'j lii • -h.'ii' d' L'"'"i".L'"y '» I I'ljuli Ol»lle^f. 

« 

C,\.\. Wn.i.iAM \^ . Ih n I! i !». >'" IN iro!*:. Iin- I) r ;; ippoinitd 

ny Jh- j-ri'-i-.j'-ni ; ■ ^ih-'i-.m! \^\-n\. T. • '. M.i;ii.'!i!.:i:l. P's-'^no*!, 

1- ■'iiiH'i i.'iiriul- ai '•I' 'I.' ('. *^. '''».i-: .ii!(l ( .•■"ill t !«• Siirvf-v. 
■ ■■ 

^Vjili.-iir KIr.'f ;is cl:ii«'''r ««i tl.::' si.ivy. 

Till ' «.\- -NTtN'-fjh J v!i!M.M \M ii! A\ \.\ !•■. l**lii. iran«- 

K!j;j:;.i!ni A:t i n\ t • 1 iii;- 1 !• • • <'r liii i* v«'i-irify Uy V\' •!'. 'hurles 

r; ;«• il :i.:i.'. I;1I.'Mm i«;^. «•!• ;tl»»;it t .v . !ir.!. .-. )»■ r si .m..'hI. To 
I ; 'I '"111. iij llr»!l:nHi, Niari\ -.-••n .^ :;'»i u tt-i*. tl i* lat** of 
i,:.,^.'. ^^ ..; -li;, i.jiitii '.\avf j>» I -?• '••»:'.il \\a- Wo k' .••;iift'rr>. (^r 
{\\ t ■■ (I :i I.J !; M'ilr-. Ill i^i-ai fal tin' j'! -'i:? .■-•« i-» h-'ai^r-r ]joiiit* 
V :.«- ':i,( j'.ii»-. r:jp;i| ji'-ipnrt ii-i-ally th-ni !* »i t ii"-i- ;.;i''.'.li'r «.!is- 
ti;i''"». ri.» ^)i'('«i («:' 1 iM :*"ii>"-:i':! '1 ili" i'.';r. !)Miiaki* :it 
' ;i.«r: = -i. ::. .-. < .. .\!i'_ii:-t :<;. issj;. I'l !t >■•"» i,- 'j<m» ?iii;. .; iK^rrli 
;.'i«l iiMfi'v. I ill N( «.v Ka.L'Jaad. N* u ^ < «"k, Wiscun-ifi. and 
h.'»a. wa- I't.'.id l»y !»Hn«!.' ;•■ li'- -ilioi.' !|i!-.m' n: i!« ?• jh.t ei.*c- 

I"ll» .;«■.< ir\L M \v .. KiiO'Sl, \\!,':<ll ll."- J-f«'li :iiul»*r 
.•.i|.!-'-- u!" |i« t|«a*'aT;-i:i l'.\ .1 i'.»a: J::H !«■»■ mI ih.- iLit-niatioiiul 

('.,.;.;:.. ^- .1! ( ... l.';4isl- -ii ' I '.> I. (• •' t■4i:!^ I'.* ^ll't'L-^, »!' %\ \\U*\\ 

<\\ .lU !■■• ' :.i'y I'M" !-•«'<♦. Ji'-'iudi'iL: SiM!'d.aa\ ia, ..••rfhiTii 
'IcraMii\. M'i\i !»art- *A i'raufr, U. I.^inr, ti.'i»l !'<fl;iiid. Ii is 
«\j»'-Md I'l.ii ilh' iiixt \v\\ >!n » Is 'All In- '-^-'ii-d ^vilhin ;i year, 
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SKETCH OF DR. JOHN LOCKE. 

By N. H. WiNCHELL, Minneapolis, Minn. 
(Plate X, Portrait.) 

Fifty years ago the person of John Locke, of Cincinnati^ 
was a familiar object to the higher circles of science in that 
city. No less familiar to the geologists of fifty years ago was 
the personality of his genius and the power of his industrious 
pen. As a geologist, however, his career was short. He re- 
turned to the medical profession, and secondarily to physics 
and astronomy. His chief laurels wiU'always be found in the 
contributions which he made to other sciences, yet as an orig- 
inal contributor to geology he was associated with Owen, 
Hall, Shumard, Whittlesey and Foster. 

Born Feb. 19, 1792, at Lempster, N. H., he spent his boy- 
hood at Bethel, Maine, where his father was proprietor of 
*'Locke's mills," still known.* Here he took much interest in 
the machinery of the mill and in the physical problems in- 
volved, exhibiting a precociousness which marked him 
throughout his early career, and which took the direction of 
mathematics and natural science. He became greatly inter- 
ested in botany, and published a text book which was ad- 

*The writer is under obli^^ations to Mr. J. B. I^cke, of Zumbrota, 
Minn., nephew of Dr. John Locke, for much information concerning 
the personal historv' and character of Dr. .John l^ocke, and for the use 
of a copy of the memorial address of Dr. M. H. Wright, delivered at the 
request of the Cincinnati Medical Society. There is also an account of 
Dr. Ijocke in the "History of Bethel, Me.," published in 1891, by Dr. 
Wm. B. Lapham. Col. Chas. Whittlesey also gave a brief, appreciative 
sketch of him in the Magazine of Western History. 1885, p. 84. In the 
Am. Jour. Sci. (2), xxii. p. ;W)1, is a brief obituary notice, of thirt^ea 
iines. There is also a sketch in the "Locke genealogy," lk)8ton, 1853. 
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mired for the simplicity of its arrangement. At Bridgton he 
made the acquaintance of Seba Smith, author of the **Jack 
Downing letters." He was turned from the elfort to procure 
a collegiate education because the ordinary college course in 
those days comprised little that was practical, and embraced 
mainly those studies in which he had no interest. He chose 
medicine; and was for a short time at Dartmouth college, 
but took his degree at Yale, to which place he was attracted 
by reading "Silliman's Travels in Europe." Resigning a po- 
sition in the navy because of the unwholesome sanitary con- 
ditions which he noticed on shipboard, he returned to New 
Haven, where he had established a reputation for industry, 
energy and ability^. 

Scarcely four years had elapsed since he left the valley of 
the Androscoggin. He had taught botany at Keene, N. H., 
had been appointed, through the friendly influence of Prof. 
Bigelow of Boston, procurator of plants for the botanical gar- 
den of Cambridge, under the patronage of the Massachusetts 
Agricultural Society, had delivered public lectures at Port- 
land, Maine, botanical lectures at Dartmouth college and at 
several academies, had issued a popular scientific work and 
had become a doctor of medicine. All this was accomplished 
without one dollar of patronage or support, except that crea- 
ted by his own exertions. His father, although not destitute 
of means nor of intelligence, could not fathom his designs nor 
appreciate the tendency of his labors sufficiently to induce 
any pecuniary outlay. He reasoned : '*If the boy can summon 
courage enough to appear before learned men and by his un- 
aided etl'orts has acquired knowledge enough to impart to 
them instruction, he needs no assistance from me ; his own 
will seems destined to achieve that which money cannot pur- 
<rhase." 

He then made an unsuccessful attempt to establish himself 
as a physician, but resorted to teaching, in a female academy 
at Windsor, Vt. as assistant to Col. Dunham, who subse- 
quently removed to Lexington, Ky. It was through this con- 
nection that Dr. Locke was induced to cooperate in the estab- 
lishment of a new school, at Lexington, in which he bore the 
principal part, ('ol. Dunham having been unexpectedly de- 
tained. In 1822 Dr. Locke left Lexington, for Cincinnati, 
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»vhich he determined to make his abode for life. He estab- 
Lished immediately a new school, long known by its high rep- 
witation, in which many of the present mothers of Cincinnati 
^ere his pupils. He was among the earliest instructors and 
Lecturers in Mechanics' Institute, but the young mechanics 
went to his private apartments for instruction. He particu- 
larly excelled in making clear to his listeners the principles 
of chemistry and physics. They were inspired and attracted 
by his enthusiasm. He made with his own hand many of the 
instruments which he needed. 

In 1835 Dr. Locke was elected professor of chemistry in 
the Medical College of Ohio, and he entered upon his duties 
"with the zeal of one having no thought of failure. He had 
been liberally patronized, and had been successful as a teacher. 
His associations had been adapted to his sensitive nature. 
All around were daughters, wives and mothers, sustaining by 
their intelligence and accomplishments his self-made reputa- 
tion. But his desire for more ample scope for the study of 
scientific problems induced him to sever the pleasant and re- 
munerative relations which he had sustained for thirteen 
years. 

The chemical department he found nearly destitute of every- 
thing needed for illustration. His own handicraft supplied 
many pieces of apparatus, but he finall}" visited Europe in 
1837, for the purchase of much more. The college rapidly 
rose in reputation and patronage, largely due to the renown 
which was spread abroad from the energy and popularity of 
the department of chemistry. We will not, however, pursue 
the course which Dr. Locke carried out in that institution, nor 
dwell upon his magnetical or astronomical researches, some of 
which proved of the greatest value to science. The chief of 
these was his '^electro-chronograph," or "magnetic clock,'' 
which was pronounced by Lieut. Maury, of the National Ob- 
servatory, Washington, an invention of the highest value to 
the Coast Survey, "a national triumph, belonging to that class 
of achievements by which the most beautiful and enduring 
monuments are erected to national honor and greatness." For 
this signal triumph congress voted him $10,000 in 1849, and 
the English government presented him a full set of magneti- 
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cal instruments. He also invented a "microscopic compass," 
and an instrument known to geologists as "Locke's Level." 

It was while he was absent in Europe, in 1837, that he was 
appointed one of the assistants on the Ohio survey under W. 
W. Mather, then just established. He took no part in it the 
first year. But his report for 1838 is probably the most val- 
uable contribution to the geology of Ohio which w^as made 
through that survey, by any single man. It is the most vo- 
luminous and the best illustrated. Prof. Orton, who again 
examined, for the second survey, the region on which Dr. 
Locke reported (S. W. Ohio), had occasion repeatedly to com- 
mend at once the scope and the detail of Locke's first report, 
saying that he had found it correct in observation and in gen- 
eralization. It gives one of the first expositions of the "Blue 
limestone," bringing out clearly the anticlinal form of the 
gentle dips observable along the Ohio river, and showing that 
the coal beds of eastern Ohio, on one side, and of Indiana on 
the other, could not possibly exist in the region of Cincinnati 
except high in the air, at 1,160 feet above Adams county. He 
gives, in connection with a colored map of Adams county, a 
perpendicular colored section of the strata from the coal and 
conglomerate of Scioto county on the east, to the west line of 
Adams county, supposed to pass through West Union. Here 
he represents the Waverly sandstone at the east line of the 
county, 343 feet thick; followed by a bituminous slate, con- 
taining conspicuous septaria, now known as the Huron shale, 
of Devonian age, 251 feet thick ; Cliff limest<^ne, with basins of 
iron ore,involving in this both the Devonian and Upper Silurian 
limestones, 89 feet thick; marl, 106 feet thick, probably Upper 
Silurian; flinty limestone, 51 feet; clay marl, 25 feet, and 
Blue limestone, 1,000 feet. Although the structure of the re- 
gion is well made out, there is no attempt to assign the strata 
to their respective ages by comparisons with other states or 
with Europe. He made an excursion into the coal regions of 
the southeastern part of the state, and another under the guid- 
ance of Dr. I). D. Owen, to Madison, Ind., for the purpose of 
comparative study of the stratigraphy, particularly to deter- 
mine the manner of junction of the Clilf limestone with the 
Blue. Of the latter excursion he remarks: "For the infor- 
mation of those who may be inclined to make the investiga- 



Sketch of Dr, John Locke, — WinchelL 845 

tion, permit me to observe that I shall not charge the State of 
Ohio my salary during this excursion beyond its limits, but 
as a sketch of the information would, I thought, serve to show 
the connection of our geological formations with those of an 
adjacent state, I have taken the liberty of otFering it to the 
service of our citizens." (p. 238). 

In this report he described and figured Inotelus ma:cimu8 
(which he afterward changed to Isotelus ynegisios), comparing 
it accurately with Isotelus megalops Green. His specimen was 
21 inches long, its great size being the only definable differ- 
ence which he could discover between it and Green's /. mega- 
lops^ which was 5 inches long. He feared his specimen might 
be "actually an overgrown megalops of Green." He made also 
a careful examination and illustration of certain peculiar "di- 
luvial grooves" which he found seven miles above Dayton, on 
the limestone of Light's quarry, in Montgomery county. He 
compares them with grooves described by Dr. Hitchcock on the 
Primitive rocks of Massachusetts, and suggests that they may 
be due to icebergs floating over the terrace. "The rectilinear 
course of these grooves corresponds with the motions of an im- 
mense body, the momentum of which docs not allow it to 
change its course upon slight resistances." The glacier hy- 
pothesis of professor L. Agassiz had not then been heard of in 
America. 

The "first survey" of Ohio was discontinued because of the 
failure of the Legislature to make the necessary appropria- 
tions of money ; indeed, the second year's work, and the most 
valuable portion of the report published in 1838, resulted 
from the unexpended surplus of the funds appropriated for 
1887. The survey was well begun and ably maintained, but 
its utility was not appreciated. 

The following year (1839) Dr. Locke w^as in the service of 
the United States government under Dr. D. I). Owen in the 
survey of the "Mineral Lands of the United States." It shows 
how little conception of the mineral wealth of the United 
States the government then entertained, to observe that such 
lands were defined as "air the lands in the Mineral Point and 
Galena districts which are situated south of the Wisconsin 
and north of the Rock river, and west of the line dividing 
ranges eight and nine east of the fourth principal meridian. 



846 The American Geologist. Deeember, laoi 

together with all the surveyed lands in the Dubuque district," 
and that a report thereon was required "before the approach, 
ing winter should set in."* Here Dr. Locke was entrusted 
with the "physical department" of the survey, as noted by 
himself, which he understood to include, especially, the baro- 
metrical observations, the measured altitudes and the geolog- 
ical sections. The report rendered by himf has the following 

parts : 

1. A comparison b^^tweon tho rocks of the lead or mineral n-gion and 
those of Ohio, Indiana and Kentucky, called the "Cliff limestone,'' 
showing their probable identity. 

2. S(»veral Junctions of strata (the highl and thickness being deter- 
mined by the barometer) with drawings. 

3. The altitudes of table lands, hills, mounds and mountains, deter- 
mined by barometrical observations, with a chart. 

4. The result of numerous observations and calculations on thf ele- 
ments of terrestrial magnetism, including the dip, declination and force 
or intensity of the magnetic needle at several places bt»t ween Cincinnati 
and the region surveyed, and in that region its«'lf, accompanied by two 
charts: t^igother with some remarks on thi' practical uses of these ele- 
ments of magnetism. 

."). Surveys of a few of the (earthwork antiquities of Wisconsin, with 
drawings. 

0. Some obsrrvritions on the climate ami meteorology of the upixT 
Mississippi. 

7. Acknowli'dgments and concluding remarks. 

The lead-bearing limestone of the upper Mississippi valley 
he considered older than the coal-bearing rocks, arguing at 
some length to prove that Keating's idea of their 8uper-('ar- 
boniferous position was erroneous, and that they were the 
equivalent of the ClilF limestone of Ohio. He gives colored 
sections from the south fork of the Little Maquoketa to Sin- 
sinewa mound, and across the Mississippi at Prairie du Chieii. 
The former shows only the Cliff limestone, 550 feet in thick- 
ness, abounding in veins of lead ore, and the Blue limestone 
somewhat below water-level. The latter represents the Blue 
limestone* about 400 feet above the river, 115 feet thick, un- 
derlain b}^ the Butf limestone 20 feet thick, which rests on a 

soft sugar-like sandstone 40 feet thick. Magnesian lime- 

" _ _»_ 

*K«'lM>ri of Dr. Owen ilat.-d Jan. •>(), IHIO. 

f Report t>r .lohii Locke, M. I)., to David l)al«" Ovven.M. I)., principal 
agent to explon* the mineral hinds of the I'niled States. Included 
in Dr. Owen's rejMirt ordered to be i>rinted by th<* Senate .lune 11, 1H44. 
This re|M)rt was also j)rinted by order of the House, in 184o. 
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stones and soft sandstones are still lower in the bluffs, the 
river being on a sandstone. Another section extends from 
the Blue mounds to the Wisconsin river at Arena. 

The greater part of Dr. Locke's time and energy were spent, 
during this survey, on magnetical and barometrical observa- 
tions, this being more in keeping with the trend of his ambi- 
tion and taste, as well as his instructions. He presents a 
^^magnetical chart'* showing the lines of equal dip, crossing 
the lead region. There was a curious notion prevalent, shared 
by Owen as well as Locke, that the dip compass might be af- 
fected by the ore bodies of the lead region, and Dr. Owen 
calls particular attention to the probable action of ^^protoxide 
of iron" on the needle. Locke, however, made a direct test 
as to the lead ore at Dubuque and found that the metallic 
vein exerted no peculiar magnetical influence. 

In 1847 Dr. Locke was again called to the examination of 
United States mineral lands. He received the appointment of 
first assistant, with instructions, in the early part of the sea- 
son of 1847, from Prof. C. T. Jackson, who had charge of the 
survey of the mineral lands in the northern part of Michigan. 
His field was from the mouth of the Chocolate river, where it 
joins lake Superior, to the little Bay de Noquet. This enter- 
prise, however, so far as Dr. Jackson's plans were concerned^ 
resulted in failure. Personal ambition and jealousy united 
with political intrigue and partizan greed and effected the re- 
moval of Dr. Jackson, and the final completion of the survey 
by other hands. According to Dr. Jackson's statement in his 
final report,* he learned from the commissioner of the general 
land office that the "appropriation for the survey was endan- 
gered by certain representations which had been made to a 
member of Congress by persons opposed to it, or by persons 
who wished to supersede me, by limiting the appointment to 
a citizen of Michigan." He does not mention any individual 
by name, but it may be inferred from events which followed,, 
connected with those which are patent in the report of Dr. 
Jackson, that the same gentleman who subsequently broke up 
the Michigan survey under Dr. A. Winchell, had no little influ- 
ence in effecting this revolution. Dr. Locke's rep(»rt for 1847, 
so far as it appears in the printed report of Dr. Jackson, con- 

♦.luurnal of tin* (it'olugical Survey for J84S. 
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sistB of magnetical and barometrical observations, a catalogue 
of specimens collected, and daily journal from July 8, 1847, to 
August 30, the last mentioned evidently kept by some member 
of his party. It appears from this journal that Dr. Locke, 
after making a reconnoissance southward from lake Superior to 
the waters of the Escanaba river which enters little Bay de 
Noquet, returned to lake Superior, and thence, on his way to 
lake Michigan to make connection by way of little Bay de 
Noquet, made a detour into Canada, visiting the region of 
Bruce mines and Echo lake, and subsequently not^d the geology 
of the shores of Drummond's island. Of the geology of this 

e 

season's work, on which he was engaged in making a full re- 
port, with maps, Jan. 23, 1848,* date of his letter transmitting 
his magnetical observations, there is no report in Jackson's 
final report. Of this Dr. Jackson says: 

1 l)Hvescnt Dr. John liocke's ri'ijorlon magnetic observatiuiis, and havn 
reqiu\sti»d liim to s<»nd in some additional matter on the subject, and 
also his notes or n*|K)rt on the geology of the district which I assigned to 
him in 1847. His occupations in another service of the country during 
the ]>ast yi*ar have prevented his completing his geological reix)rt in sea- 
son to forward to me, but I trust it will be communicated to you in sea 
son to be printed in my report. 

In 1848 Dr. Locke 
*'wns detached, by orders of the Secretary of the Treasury, %Si a mag- 
netic surveyor, in accordance with my request, and a vacancy thus 
made in the assistants' corps was filled by my promotion of Mr. J. W. 
Foster to the place of assistant geol(»gist." (p. 379.) 

Dr. Jackson also says (p. 424) : 

**I)r. John Locke, has been detached at his own request, and by the 
advice of the honorable Secretary of the Treasury, to make magnetic 
obsi'rvat ions on both Dr. Owen's district and mine; but owing to the 
lateness of thi; passage of the appro)>riation bill, did not enter upon field 
duties this jear. The appropriation bill not passing till August, it was 
considered then to be t(K) late for the beginning of Dr. Ix)cke's field 
duties. an<l the means placed at the disp<^sal of Dr. Owen and myself 
were not sufficient to maintain that survey until the appropriation 
should be placed at our disi>osal. This was a matter of regret, for the 
mat'n«'lic observations had already begun to yield interesting results." 

Dr. Locke does not seem to have returned to the survey 
under Dr. Owen, nor indeed to have been again actively en- 
gaged in the geology of the Northwest. He was doubtless 
deeply involved in his magnetic studies, to which Dr. Jackson 

*.lHcksoirsrei>ort. p. Tt7)i\, 
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seems to refer in his own report as "another service to the 
country." His synoptical report for 1847, dated October 25, 
and printed in the Senate documents (II) 30th Congress, 1847- 
48, as a part of the report of the commissioner of the general 
land office, was sent in response to an earlier request of Dr. 
Jackson. It illustrates the negligence which pervaded the 
superintendence of the public printing at that date. It was 
so badly printed that, according to Col. Charles Whittlesey, 
Dr. Locke repudiated it entirely.* Following is an example 
of the proof-reading which it exhibits. It purports to be a 
list of the "Crustaceous" collected by Dr. Locke : 

Cnlemens (probably the stMiaria ofceraiinis pleut couried) rex anthems. 

Green. 

Isoletiis jyrigers. 

Isoletus mesistus (mihi). 

Asaph us — a large species. 

The report confirms the prevalence of the idea that both the 
iron and all the other ores of the region were in some w^ay de- 
pendent on magnetic currents and could be discovered by the 
use of the dip needle. He refers to a general statement made 
by him,f that his experiments go to show that the general na- 
ture of the subjacent rocks may be ascertained by the mag- 
netic elements, the instrument serving the purpose of a divin- 
ing rod. This idea he considered that his summer's observa- 
tions did not contravene, but he also had discovered that there 
are greater deflections or local attractions in the northern part 
of Michigan than in other parts of the country. He projected 
a general magnetical chart of the United States, a kind of 
Physical Atlas, He calls attention to the incompatibility of 
magnetical and geological observations when conducted simul- 
taneously, the former requiring more rapid travel and less ex- 
posure to delicate instruments. He suggests, what ultimately 
occurred, that the iron ore of the Negaunee region would be 
profitably brought to the limestone region of Bay de Noquet 
for smelting. He did not reach the mouth of the "Escanawby," 
owing to his insufficient force for "packing" the necessary 
provisions. John Locke, his nephew, was with him. His de-. 
scription of ''pictured rocks" is interesting, as follows : 

•Magazine of Western History, 188.'). 
fTrans. Am. Phil. Soc, April 19, 1844. 
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PiCTUKKD RCX-KS. 

I had passed and repass«'d the "grand i)ortar' of the pictured rocks 
three different times and had once made a sketch of it, but it seems I 
had never ascertained the extent of its inten'St. In passing it lately, all 
the circumstances being favorable, we determined to enter the arch 
with our boat, and though our mast was only about 10 to 18 feet high, 
still the feeling, as we approached, was that we must take it down to bi» 
able to pass under the a|H»x of the arch: but drawing nearer the mast 
seemed to shrink and the arch U) tower upward until our sail shook un- 
der a vault of 120 feet high. So much is the eye deceived bj' a general 
proportionate grandeur. Kntering. we found ample rot)m for a vast ship 
of war, with sails all standing, to conceal herself, turn round and come 
out without imix'diment. Although the water is deep for three-fourths 
of the way, yet, at the far end of the cave there is. first, a pile of huge 
fallen blocks of sandstone, and beyond these a .sand beach 50 to 60 feet 
wide. Excited by a work so magnificent, I determined to make it my 
observatory until I had a.scertained its form and dimensions as accu- 
rately as exp<'dition would f)ermit. For this puri)ose. and to enjoy a 
romantic luxury, I n'.s<»lved on spending a night where I need not call 
on the mountains to hide me. 

As there was a spice of danger in sp(»nding the night in this palace of 
winds and waves, I landed the party to encamp on the sands near the 
Doric rock, and was then transfnirted and left in the cave, with my 
nephew and instruments, the voyagers returning with the boat to the 
encampment. IIi'H' we were more securely imprisoned than Napoleon 
on St. Helena, the only means of escap<' being to climb over hanging 
rocks 200 fi'et high, or swim half of a mile of the lake, with water so 
cold as to stitTrn us in one-eighth of that distance, and our provisions, a 
few sticks of wchmI. which we brought in the boat, and a bucket of b<'an 
soup. Hut we gave ourselves no anxiety, for we had too much work lo 
[M^rform. lmm<'diat<'ly we measured our base line, for triangulatiun, 
.')<K) fret long, all within th<' cave of the great arch! 

At this part of the pictured rocks then* is a table of sandstone about 
2(K) fe»*l high, i)resenting to ih<» lake a |H'rpendicular wall of waving,' 
and angular outline for several miles. At the grand portal the rock juts 
out into a short iMMiinsula by two curves, which come up like the curves 
from the shoulders in each side of the neck. At the end it is abruptly 
truncalt'd. as if the ln-ad had been cut off. Into this truncated end en- 
ters th<* jrraiid portal arch, about 120 feet high, and, pc'uetrating about 
.'{00 fe«'t, t«Tniinat<'s in two smaller arch«*s. Near the far end. a cross 
arch, opening: «ni rach sidr of the iu*ck. traverses the main cavern. 
Thus the irnnind plan, iik«' that of ancient cathedrals, is a crt)ss. In the 
l>ortal, li«)\V('\er. Tin* ln'ad of tli«' cross is doiihli'. \Ve ventun*d to givi* 
names to tin* various aparlm<'i)ls. Isi. Thr i:rand domt', op«'ning in tlie 
grand portal, 'id aiul .'id. Tin* first aiul second dormitories. 4th. Tli«* 
left wiiiiT of till' cross. .*)|h. Tln' right winj: of the cross. (ilh. The*' 
vfstry, with columns, i^roim-d arehcsaiid (Jothic windows, communicat- 
ini: with tlu' rijrhl wing. Tth. Tin* Egyptian labyrinths, consisting of 
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cylindric and groined galleries* .supported by peculiar columns, having 
a distinct resemblance to the Egyptian, communicating both with the 
right wing and with the grand dome. The form of the columns is that 
of two elongated bells, with the two small ends joined to form the mid- 
dle of the shaft: or, to detail the figure, it is expanded at the top like 
an inverted bell, contracting rapidly as it descends, and, by a gradual 
curve, becomes nearly cylindric for some distance; and again it con- 
tracts, on a gradual curve, till it comes almost to a point, where it 
meets the same figure reversed. This form is essentially beautiful, be- 
ing a solid, generated by rotation of Hogarth*s sigmoid line of grace. 
To explain the mode of its formation would lead to too long a discus- 
sion. 

Our most active and frolicsome half-breed voyager had waded the 
water and, without our perceiving him, had entered the labyrinth. To 
our surprise he thrust his head out of a hole in the wall of the grand 
dome and uttered a hideous growl. His companions instantly took up 
the drama of the beast in his den. and hurled a volley of stx^nes at him. 
Darting back, Legarde presented his head at another opening and defied 
his pursuers with a still fiercer snarl. Instantly there followed another 
volley, another evasion, and another peal of laughter echoed back from 
the dome. I labored hard until dark, and then discovered a new dan- 
ger in making it my place of rest. I found a great part of the interior 
of the cave to be lined with a shell of stone, kw^sened by last winter's 
frost, and ready, at all r>oints, to fall with crushing force. Going back 
to the farthest recess of the dormitory arch. I knocked ofi" all the loo.se 
.stones, propped up my cot on piles of rocks and composed myself to 
sleep, not unmindful, as I laid down, that the canopy of my bed was of 
solid stone 200 feet thick, with a forest of fir trees on top as the (»rna- 
mental fringe. About midnight I arose, lighted a candle, built a fire, 
aud walked forward with my lantern to the farthest block of stone. 
Here I gazed at the great star-lighted window, presented by the portal 
arch: and, as I stiKxl, the iK)lar star just twinkled on the verge of the 
of)ening, making the angular altitude equal to the latitude of the place. 
Again I laid down in the dormitory and listened to the dirge-like music 
of the ripple as it kissed the rocky fragments and danced into the laby- 
rinths. In such situations there is often a mirage of sound as wonder- 
ful as that of light. The discords seemed to be absorbed, and the har- 
monious notes are echoed and reverberated with more enchanting spells 
than belong to the jeolian. Commingled with the dirge one imagines 
imitations of cascades, hail, rain and storms. This was pianissim<». 
The fortissimo would be witn<'ssed when the northern storm should 
drive the thunder of the great lake into the grand iK)rtal. Suppose this 
was to have hapjK'ned while 1 was a tenant, it was really what 1 desired. 
An avalanche of rock sutticient to have crushed a citv had fallen just 
outside of the left arch and laid rudely piled to the hiirlit of 50 feet. 
Thither I would havt» retreated to witness the bloodless battle of the 
elements; for a long war has been waged between waves and rocks, in 
which the rocks, so far, have bei-n obliged to yield. Morning came, and. 
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with the (Ihwd. myself and nephew were at our work of triangulatint;. 
Finally, having completed the survey and obtained geological sfKici- 
mens of great inten»st. we joined ourselves to the world again. I shall 
calculate my observations, make drawings of ground plan and elevations 
and include them in my re|)ort to t)r. Jackson, and, through him, to the 
government, that, if they are found worthy of it. they may bi' published. 
I need hardly say that such a curiosity, in such a climate, deserves a 
visit from the Cincinnatians during the hot month.s. Within half h 
mile is a boat harbor, a fine camping ground, and still another half milo 
along the b«?ach is the C'hapjMil rock, and still nearer a cascade. Beyond 
this again is a cascade, leaping from the top of the pictured rocks clear 
into the lake, and blowing a blast of wind in all directions from where 
it strikes the water sutticient to propel a sailboat. 

The grand portal is less e.xtensive than the mammoth cave, being a 
mere fraction of it: but it has several compensating beauties. It has a 
light and fine breeze, and it is, at the same time, as cool. You arrive at 
all of its beauties without fatigue, and enjoy, through itsop«^n arches, 
the most extraordinary landscapes. Through the grand portal you set- 
only the shoreless lake. Through the western opening of the cross arch 
a limited but magnificent view of the lake, the pictured rocks overhang- 
ing its dark blue waters, on whose surface, when calm, those rocks are 
reflected into a symmetrical counterpart of the original. Through the 
eastern wing is seen also the lake and pictured rocks, dying away iu 
well marked perspective, as one point sinks behind the other, to the 
distance of 10 miles. In the course of this pers|>ective is the cascade of 
Chappel river, the Chappel rock and the cascade of the winds. This 
cross arch is 500 feet long and so straight that light is seen thnnigh it 
from one side to the other. 

Mr. Schoolcraft passed through it with his boat, but the lake having 
fallen about four feet it is now barely dry, and the only entrance by 
water is by the grand portal. 

Dr. Locke identified the Blue limestone on St. Joseph's 
island, and the Clift'on Drummond island. The latter he traced 
westwardly to great Bay de Noquet. From the dip and the 
succession of the various formations between St. Joseph's and 
Drummond islands he concluded the red sandstone at St. Ma- 
ry's falls belongs beneath the Trenton and Cincinnati lime- 
stones, "and is therefore rather the older red sandstone than 
the new red sandstone." This was contrary to the opinion of 
both Jackson and Houghton. The limestone (the Trenton) 
which he found on the west side of little Bay de Noquet he 
rather thought belonged to the Carboniferous, and imagined a 
fault-plane running north and south under little Bay de No- 
quet in order to bring about such a position for a much younger 
limestone, as he knew of no such rock beneath the Blue lime- 
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stone at Cincinnati. With the exception of this error, he out- 
lined the geology of the northern peninsula of Michigan 
eastward from Keweenaw bay. If his full report on this ex- 
amination had been completed and published it certainly 
would have constituted an important chapter in the progres- 
sive development of the geology of that state. 

This, apparently, was Dr. Locke's last geological work. The 
study of magnetism and the increasing exactions of his pro- 
fessorship at Cincinnati engrossed all his attention. 

Personally, Dr. Locke was slightly above medium hight. 
From his feet to his eyes, as stated by himself in explaining 
the use of his '*level," he measured 5 feet 5 inches. He was 
not physically rugged ; his countenance had usually the sickly, 
almost sad, expression of a severe student. He was indifferent 
to exposure, either of cold or rain, and never carried an um- 
brella. When involved with some problem of physics it was 
his habit to give himself no rest. His nervous excitement sus- 
tained his physical powers with little aid from sleep. Pros- 
tration usually followed, but he was soon at his work again. 
This habit doubtless permanently injured him both mentally 
and physically, for his death at 64 years was described as due 
to '*a breaking up, as it were, of the great nervous centers." 
In manner he was marked by the dignity of his address and 
the courtliness which partook of the old regime of the eigh- 
teenth century. He was a man of fine presence, with an open 
and benignant countenance, in all respects a rare specimen of 
cultured manhood. In Ohio his home was for some time at 
Lebanon, the home of Tom Corwin, and they became firm 
friends. Locke, Corwin and Thomas Ewing, the last the 
father of Mrs. Gen. W. T. Sherman, were very close friends, 
making a notable trio. It was at Corwin's instance that Con- 
gress purchased Dr. Locke's electro-chronograph. 

Dr. Locke married Mary Morris, of Newark, N. J., in 1825. 
She had been one of his pupils. She was a most estimable 
lady and his domestic life was a very happy one. They reared 
a large and interesting family, but one son died young and 
two in early manhood. 

Dr. Locke's career, from first to last, was a remarkable one. 
Single handed, as a youth, he attacked the outworks of a great 
problem the issue of which was, to say the least, precarious — 
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to win a recognition among educators and scientists. He 
made rapid progress toward the front. His inventions were 
numerous and his publications were of the highest value both 
in physics and geology. For seventeen years he held an im- 
portant professorship in one of the leading institutions in the 
central portion of the United States, and at his death it was 
truly said that the country had lost one of its foremost citi- 
zens. 

The following list of Dr. Locke's publications is probably- 
complete for his geological contributions. There is mention 
made, amongst the memorabilia sent by Mr. J. B. Locke, of 
an English grammar, and a "pamphlet on Toxicology," but of 
these no further information can be obtained. 

List op the Publications op I)b. John Locke. 

Outlines of Botany. 1819. 

The microscopic compass: invented by John Locke. Am. Jour. Sci., 
Vol. XXIII, 183:i, pp. 237-^48. 

On a larjare and very sensitive? thermoscopic galvanometer. Phil. Mag., 
London, 1837. [Reprinted in Am. Jour. Sci., XXXIl. pp. .S65-368, 1838.] 

Magnetical observations at Dayton, Springfield, Urbana and Colum- 
bus. Ohio. Jour. Franklin Institute. Oct. 1838. 

Geological reix)rt communicated by the governor to the General As- 
sembly of Ohio. Dec, 1838. Addressed t« Prof. W. W. Mather, princi- 
pal geologist of the survey, (M) pp. octavo. 15 )>lates and a colored geolog- 
ical map of Adams county. Published in the second report of the first 
survpy. 

R»'p(>rt on the explosion of the steamboat Moseler, 1840. 

Electricity in sti*am. Contributed to the National Institution for tht' 
Promotion of Seit*nce, Jan. 2'i, 1841. [Ap|)arently not published,] 

On a new s|M»cies of trilobite of v<*ry large size. Am. Jour. Sci., 1842. 
XLll. p. 300. 

Alabaster in Mammoth cave, Kentucky [Illustrated]. Am. Jour. 
Sci., XLII, p. 20<5, 1842. 

On the manii)ulalionsof the dipping compass. Am. Jour. Sci., XLII, 
23.5, iai2. 

On tin* geology of the upper Mississippi. Am. Jour. Sci.. XLIII, 147, 
18-12. 

A n«*w si)ecies of trilobite of very large size. Report of the 1st, 2d. 
and 3(1 meetings of the Assoc. Am. Geol. and Xat. [1843], pp. 221-224. 

[Note. — This trilobite is the .same as described in the Ohio report for 
1838. and in the Am. Jour. Sci., 1842. but the name is here changed to 
hot (Inn mtf/i^tttM. ] 

Ancient Piurlhworks of Ohio. Rep. 1st, 2d, and 3d meetings, A j<s»)C. 
Am. (ieoj. and Nat. [1843], pp. 229-238. 
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A new riiflpcting level and jfonionioter. Rep. 1st, 2d and 3d meetings, 
Assoc. Am. fieol. and Nat., p. 238 [1843]. 

Notice of a prostrate forest under the diluvium of Ohio. Rep. 1st, 2d, 
and 3d meetings. Assoc. Am. Cieol. and Nat. [1843], pp. 240-41. 

Observations on Cry ptoli thus tesselatus. Proc. Phil. Acad. Sci., 1843, 
pp. 196-230. 

De.scription of Ceraurus crosotus. Am. Jour. Sci., XL IV, 1843, p. 340. 

Supplementary notice of Ceraurus crosotus. Am. Jour. Sci., 1843. 
Vol. XLV, p. 22:J. 

Casts of American fos.sils presented to the Phil. Acad. Nat. Sci. Vol. 
1, 1843, p. 174. 

Sulphate of lime or fibrous gy[)sum from Mammoth cave, Ky. Phil. 
Acad. Nat. Sci., Vol. I, p. 244, 1843. [For this the name oulophyllites 
is suggested.] 

Report of John I^cke, M. I)., to David Dale Owen, M. 1)., principal 
agent to explore the mineral lands of the United States. Embraced in 
Dr. Owen's report of work done in 1831), in Iowa, Wisconsin and Illinois. 
Senate Ex. lX)cs.. No. 407, 28th Congress, Ist Sess., 1844. [This report 
was first printed as a part of a special message from the president (dated 
June 4, 1840) in 1840,^ without the accompanying charts, sections, and 
other illustration.s. Resides the edition ordered in 1844 by the Senate, 
1,500 copies, the House ordered for its own usi\ an edition of 5,000 
copies, Feb. 25, 1845.] 

Observations made in the years 1838, '39. '40, '41, '42, and '43, to de- 
termine the magnetical dip and tlie intensity of magnetical force in .sev- 
eral partsof the United States. Trans. Am. Phil. Soc, Vol. IX, 283-315, 
April 15, 1844. 

Geology of Porter's island and Coppi'r Harbor [Isle RoyaleJ. Trans. 
Am. Phil. Soc. IX, 311, 312 (pp, 305-315), with maps, 1844. 

CJeology and Magnetism. Trans. Am. Phil. Soc, April 19, 1844. 

Observations on Terrestrial Magnetism. Smithsonian Contributions, 
111, Art I. pp. 1-29, 1851. 

. Trans. Am. Phil. Soc, 1840, p. 242. 

Description of Asterias anlicjuata, from the Rlue limestone of Ohio 
Proc Phil. Acad. Sci., Vol. Ill, pp. 32-34 (with figure), 1840. 

[Note. — In this Locke corrects the idea maintained by Troost and 
Fealherstonhaugh that this is the Carboniferous limestone.] 

Synoptical rejKirt on the geology of the northern ])eninsula of Michi- 
gan, addressed to Dr. C. T. Jackson, Oct. 25, 1847. Senate documents, 
1847, 1st Sess.,* 30th Congress, comprising pp. 183-199 of the reix^rt of the 
Commissioner of the General Land Office. 

Catalogue of sf)ecimens forwarded to Dr. Jackson by John Locke, 
Dec, 1847. In Dr. Jackson's re[x)rt for 1848, pp. 547-550. 

U. S. Geological survey of public lands in Michigan — Field-notes. 
[Evidently these notes were taken by some member of Dr. Locke's party 
in 1847.] Dr. Jackson's reix>rt for 1848, pp. 550-570. 

Report of Magnetic observations by Dr. John Locke, a.ssistant geolo- 
gist. In Jackson's rejK)rt for 1848, pp. 572-589. 
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Report on the invention and construction of the electro-chronograph 
clock at the National Observatory, Washington. 1851. 

Catalogue of rocks, minerals, ores, and fossils collected by .lohn 
Locke during 1847. Smithsonian He|x>rt, 1854, pp. B67-383. 

The devotee of Science and the National Institute. [Quoted by Dr. 
M. B. Wright in his memorial address, p. 42, 1857.] 



THE "SLATE BINDERS"* OF THE "PITTSBURG" 

COAL-BED. 

By W. S. Greslev. F. G. S., Erie. Pa. 

Given, a '*bench'' or layer of good bituminous coal, of verj 
uniform quality, varying in thickness from say 22 to 27 inches, 
with one or two more or less irregular slaty partings or bind- 
ers here and there in it; and imagine such a deposit spread 
out over at least 15,000 square miles. The edges or outcrop- 
pings of this layer of coal reveal no signs of a beginning or of 
an end; in other words, there is nothing to indicate that this 
coal did not originally extend hundreds of miles beyond any 
of its existing limits. We will not now discuss the question. 
How did this layer of coal get where it is? bat proceed at 
once to observe that it has a practically dead-level and even 
surface or top.f Suppose this vast expanse of dead-level coal 
vegetation to be completely covered or sealed over by a thin 
layer or band of shale, or "slate," as miners call it. We will 
suppose the thickness of this film of shale to be from ^ to ^ of 
an inch only. Imagine a practically unbroken 15,000H- square 
mile sheet of shale only f of an inch thick ! On top of this 
shale-band let a second and equally uniform layer of the same 
coal as the thicker one below, be deposited, whose thickness is 
about 4 inches — a layer of coal practically free from impuri- 
ties, and, in every respect, similar to the rest of the seam, re- 
garded as a whole. Again, on top of this 4-inch band of coal 
conceive a second layer of shale to exist, in thickness and kind 
just about the same as the shale-layer 4 inches below it. Then 
above this suppose we have a uniform bench of coal 3 feet to 

♦Hinders, in coal, an' thin intorstratifled layers of shale, more or less 
mixed with pyrites, etc. 

fThe only breaks or interruptions of the continuity of the seam b<*in|sr 
a few small and local banks or rid;?es of rock, called ** horse-backs," 
rising from the floor. 
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5 feet high. Here, then, we have three separate and distinct 
benches or divisions of a coal-seam separated horizontally by 
a couple of thin, parallel-bedded layers of shale ; or, looked 
at in another way, we have a, say, 16,000 square mile 4-inch 
band of excellent coal sandwiched between two very thin, but 
remarkably persistent layers of what is presumably hardened 
mud, these again being enclosed by thicker layers of the same 
kind of coal. Now, the foregoing is in reality a description 
of what actually occurs in nature ; it is the lower or workable 
division of the "great Pittsburg bed." These two "slate-bind- 
ers" seem to be so remarkable as regards their geographical 
extent, uniformity in thickness, composition, distance apart 
vertically, etc., that some special effort ought to be made 
to explain: 1 — What they are or signify; 2— How they 
got there ; and, 3 — Whence they came, — three questions, so far 
as I know, not yet at all satisfactorily answered, and much 
less easy of solution than at first sight appears. My wish in 
this connection is that this paper may stir up sufficient in- 
terest in this matter to lead to further, extended, and closer 
observation ; and such a detailed study of the Pittsburg bed 
as it (a typical one) surely deserves and ought to receive at 
the hands of all local geologists and men capable of doing 
useful work on it. Of course, the question of the origin and 
formation of the shale-bands in the coal opens up that of the 
whole question of the formation of coal-seams, for the bands 
are part and parcel of the seam ; the two substances (coal and 
shale) cannot be considered separately. 

Most geologists have access to about all that has been pub- 
lished in the way of detailed sections, etc., of the Pittsburg 
bed, and so are more or less familiar with its geographical 
extent as shown upon geological maps ; so that to copy a host 
Df sections and cite others would be superfluous here. We 
all know by this time how vastly greater in areal dimensions 
this seam of coal must originally have been, compared with 
what it is now. Prof. I^sley sees no reason why it may not 
have extended north far into what is now Canada, and north- 
east at least as far as the hard coal region of Pennsylvania. 
That it is a typical coal-seam nobody disputes; that the coal 
is the remains of Carboniferous- period vegetation no geolo- 
gist denies; but how it got there, nobody knows, although 
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8ome seem to think thev know. In order to reach a reasonable 
explanation of the origin and formation of the shale partings 
we should, if posjsible, be able to answer the questions : where 
did the coal vegetation all grow or come from? and how was 
it put in place? But whether it grew on or about the spot 
where its remains now are. or was transported or sorted bjr 
water in one of the several ways geologists have supposed 
(myself among them), we may. I think, take it for granted 
that the lower of these two shale-layers got there during » 
pause. — a temporary stoppage of the growth or accumulation 
of vegetable matter within the region affected by the slate- 
parting. However this may have been, we will proceed to 
look closely at the "slate'' itself. As the appearance of the 
two slate-bands is identical it matters not to which the follow- 
ing des4*ription be applied : 

UfMrriptitm nf tttt Mhale fttrming punil/ef hands in the Pittsburg coal. 

MfirrttMrtrpir. V»*ry flii«**irraiii*al. in fact i^rnnules of ground mass not 
<listiniriii<%bablf. S|M*cks and str**aks uf coal. Often a brecciated ai»- 
p(*araiic»'. due to mottling. Should sup|M.>se the sediments had btyn 
derivfd fn»m clay-slatr <»r still older muds. 

Tfjrtnrf. Homogfiicous. compuct. 

Frnrtun . Irr<*frular. splits roujrlily imrall«0 with bedding plines 
Almost fr»M' fn»m joints. 

Stnnk. Pah*. bn)wnish irray. 

LuMtrr. Earthy, dull. 

TtiMtr. Som»*timcssalt or a.stringcnt (? alunogi^n). 

Colttr. At a distancH, dark, brownish black or gray : close to, varie 

gated or mt»tth'd by num«'n>us shades of gray, brown, etc., of which 

mor»' further on. 
Sp. yr. Probably about 2.<iO. 

Xon-pltiMtir. 

FomniU. Flat, long leaf or reed-like, compres.siHl forms of an ob.scun' 
nature: many marn'Mporfn. Impn^ssions on surfaces of ^V;^'Weirw, etc. 
\Sti(fiunrn never recorde<l in this seam. J 

The shule sometimes parts easily from the coal next it, but 
in other places the planes of demarkation are less pronounced. 
So far as my observations go, the shale bands only show ab- 
normal thickening in proximity to or in contact with faults^ 
or comparatively recent disturbances of the coal bed, where 
the cause is easily explained. The "cleat" in the band of 
coal between the two thin slates is the same as that of the 
lower and higher benches of the seam, viz., strikingly uni- - 
form. 
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Am to Ike motllinii. I can beet describe this by saying the 
rock ia rudely but obscurely brecciated or frag mental -looking, 
often grading into a marbly or streaky vein-like, vitreous as- 
pect, as though a variety of fragments of shale, etc., of different 
tints had been in a semi-liquid or run-together state, producing 
a slaggy or drawn -together, kneaded aspect. Some parts of 
the rock are much darker than others. There seems to be 
considerable differentiation in coloring and in shapes and 
sizes of the blotches: the individual blotches are even varie- 
gated, spotted, streaked, etc. In general, the appearance, as 
revealed by a pocket lens, when the rock is wet, and in a 
strong light, reminds one somewhat of the structure of ordi- . 
nary serpentine. Pyrites occur in tiny nests or aggregates of 
crystals scattered through the groundmass. 

A polished surface of a fragment viewed at right angles to 
the bedding planes shows the character of the mottling or 
marbling shown i 




Fio. 2. 

Viewed in the direction of the stratum, i. e. a transverse 
section appears as in fig. 2. Thus it will be seen that the 
blotches are several times longer in the horizontal direction 
than they are vertically. 

The fossils do not seem to pay any attention to the varie- 
gation, nor does the texture of the rock vary with the blotch- 
ings. It would appear therefore that the mottling is the re- 
sult of chemical action among the particles produced since or 
during consolidation of the deposit; though one occasionally 
finds a specimen imitating variegated breccia to a degree 
which even suggests uncertainty about the mottling after all. 
That the particles composing the shale were largely derived 
from feldspars is tolerably certain; and the mottling process 
may even be still going on. Of course the layers of shale 
originally possessed horizontal limits,and,if they be regarded as 
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layers of sediment transported and stratified bj or under water, 
the original shape was probably more or less lenticular, being 
thicker and coarser shoreward, and thinner and finer>grained 
seaward. And since, in the area in which these binders are 
now confined, their composition, texture, etc., hardly seem to 
vary at all, we naturally ask. How large an area did the now 
denuded, binder-dividcnl coal seam once upon a time cover?; 
the only answer is, simply immense! Can we suppose any- 
thing short of scores of times larger than at the present day! 

What do the /acts seem to suggests 
(a) Having to deal with a comparatively very thin sheet of 
what looks like an originally almost impalpable powder or 
the finest slime or mud, distributed in a marvelously uniform 
manner, and covering an area almost continental in size, we 
wonder which of the known ways in which strata are formed 
best answers or explains the phenomena. Basing our argiY- 
ment upon the supposition that the termination of the deposi- 
tion of the stratum of coal-forming vegetation upon which 
the lower sheet of shale rests, found that stratum lying prac- 
tically level as accumulated under water or on the bottom of 
a vast lake or inland sea, let us endeavor to imagine the wa- 
ters to be charged with fine particles of sediment, brought in 
from the mouth or mouths of immense rivers flowing in the 
then continental areas which furnished the sediments eom- 
poHing the coal-measures. The character of the shale binder 
points to a uniform mixture of sizes and kinds of particles, to 
an even or continuous supply of .the same at the commence- 
ment of its falling to the bottom of the water, during all the 
period thus occupied in sedimentation, and up to the time the 
particles ceased to accumulate: practically no variation in 
strength or velocity of current of water supplying or parting 
with its muddy ingredients; a rate of flow of water hardly 
perceptible; a period of calm as regards wind and waves; a 
depth of water absolutely the same all over the expanse or 
area of precipitation ; this implies perfect freedom from local 
currents and irregularities of bottom; no drifting logs or 
snags to scrape or plow up the bottom ; a time on land of no 
floods or droughts important enough to interfere with or 
break the continuity of the supply of mud transported. We 
have also to suppose that the rivers, deriving sediment by 
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erosive processes on land, flowed over or through rocks of 
marvelous uniformity, otherwise how could the finest sedi- 
ments derived therefrom preserve their sameness?; also that 
no changes or disturbances took place from an off-shore or in 
a landward direction meeting the waters from the rivers ; a 
contemporaneous set of physical conditions, in short, are ap- 
parently demanded for the accumulation of this film or layer 
of mud, which is indeed hard to conceive. We ask, Can such 
a period be reasonably supposed to have actually happened? 
It must be borne in mind that it would take about 100 tons 
of sediment to cover each acre about ^ inch deep ; also that a 
15,000 sq. mile sheet of shale ^ inch thick is in the same pro- 
portion as one sq. mile covered by a film ^^^inr ^^ch thick. 
Will or can transportation of sediment by water produce such 
wonderful uniformity of deposition or precipitation on the 
bottom as the application of the method calls for? 

(b) Take the eolian process. It seems to me that the ob- 
served facts in regard to these binders would entirely forbid 
the acceptance of the idea that this shaly material got there 
by the agency of wind, i. e. that it was dust blown or carried 
off the land and dropped in an even manner upon the quiet 
waters of a great inland sea. 

(c) Concretionary. If these parallel bands of shale had 
had a concretionary origin, they must have taken another 
form. Concretions are characterized by their irregular or 
nodular shapes, by a tendency to spherical or ringed structures, 
to differences in texture, hardness, fracture, etc., so that 
while the mottling may in part be due to some slight action 
of the kind within the layers, the origin and formation of the 
layers themselves cannot be attributed to concretion. 

(d) Substitution or replacement formations. This implies 
that the binders were originally part and parcel of the coal- 
bed, regarded as a whole, and that during solidification or the 
process of coal-forming most of the carbon and of the volatile 
matters made way for concentration (along definite horizons 
in the bed) of the inorganic matters in the vegetable mass; 
that in fact there was set up, at different bights in the coal- 
mass, molecular affinity, perhaps akin to the process of seg- 
regation or leaching, among the particles, resulting ultimately 
in the growth of definite sheets or bands to the nearly total 
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exclusion of coaly substances. Since replacements or concen- 
trates are almost entirely confined to calcareous and siliceous 
rocks and those readily acted upon by metallic solutions.and sel- 
dom take a regular horizontal or definite and stable form, I, for 
one, would not accept such an explanation of these coal-seam 
shales. To suppose that such shale-bands were originally thin 
films of chalky mud, since chemically converted into silica, 
alumina, iron, etc., etc., would, I think, be exceedingly unsafe; 
and yet the formation of widespread layers of something sim- 
ilar to chalk in composition at the present day (the "Globi- 
gerina ooze") over the bottom of the Atlantic ocean where 
deepest and fiirtliest from land, would seem to furnish us 
with about the only way (as to physical conditions) in which 
our shale-binders in the '^Pittsburg'" coul-bed can be imagined 
to have accumulated. 

(e) Precipitates. There occurs to me only one other known 
process or way by which these binders could come into the 
coal ; it is on the supposition that the waters overlying the 
coal layers were so highly charged with minerals in solution 
that in the end there came a time when these were precipitat- 
ed as solid particles. Hence a sheet of uniformly-composed 
mineral ingredients was brought into existence and solidified 
where it lay. This theory makes these binders chemically- 
formed rocks. Hut, in my opinion, such an explanation of 
them will be rejected. 

Now, if the lower of these two slate-binders was reall}" de- 
posited as a hiver of fine silt or mud by the aqueous transpor- 
tation process, it becomes interesting to enquire: How was 
the succeeding or superimposed four-inch band of pure coal 
created or put thereV for, in reality, it is abed of coal per sc; 
and tliey who would regard coal-beds as remains of trees, etc., 
that grew where or neiu- where the coal now is, with under- 
clays for their roots to meander and develop in, will have to 
consider this ] to ^ inch layer of shale as the utnlerbed of the 
four-ineh layer (►F eonl. 1 merely make this observation here 
to show how exeeedingly cautious geologists should be when 
attempting to handle the sul>ject of the origin of coal seams. 

Geological text-books don't seem to help us one bit in try- 
ing to find a satisfactory explanation for the formation of 
anything so extensive, geographically, as these particular 4 
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inch layers of slate in the pure coal. The Mississippi river is 
said to deposit an amount of detritus in one year found to be 
approximately equal to one of these thin binders, but then we 
are told most of this river material goes toward the augmen- 
tation or extension of the river's delta. But our coal shale- 
binders, as already pointed out, contain no signs of a typical 
delta formation. Flocculated particles are common to fine 
river deposits. In these shales flocculation is not observed. 

Again, it is only reasonable to suppose that either of these 
shale-layers, whenever and however formed, was accumulated 
at one time, whether it took one year or ten years to do it; 
the process was uninterrupted, it operated uniformly both lat- 
erally and vertically. 

The "Pittsburg bed" contains several other binders or 
^'dividing slates" besides the twins under consideration, but 
these are all of less persistent character and variable dimen- 
sions; they, however (so far as my examination has gone), are 
all practically identical in composition and texture.* though 
the degree of mottling may change locally; thus everything 
points to a common origin and source of the materials of all 
the binders by which this splendid and unique coal-bed is 
horizontally and stratigraphically divided, also a very similar 
mode of deposition or formation for one and all, whatever it 
was. Although apparently, perhaps, a not ditticult coal-bed 
to explain geologically, a more close study of its stratiform 
composition extending over wide areas brings it, to my mind, 
well within the category of geological problems by no means 
as yet satisfactorily solved. 

The thickening of the *Tittsburg bed" is in a southeasterly 
direction, so also is that of the "bearing in" and other slates.. 
Thus the evidence goes to favor the assumption that both the 
organic material (the coal) as well as the inorganic (the 
"slates") had their source or chiefly depended upon or were 
largely governed by the land surface towards where the At- 
lantic ocean is now. 

Whenever the geologic histor}'- of this vast coal seam shall be 
something like correctly made out or described, there will be 

•Except Iho h«»(l of impuri* Hro-chiy or "draw-slutc" of the miners, 
which lies immediutelv on toi) of the 3-.') fet't bench of coal already re- 
ferred to. 
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little or no difficulty in accounting for most of the things that 
now puzzle us in connection with other seams ; but I am 
rather afraid, unless a larger number of competent observers 
take up the working out of the geology of the "Pittsburg 
bed" than seem to be liow so engaged, the seam itself wiU be 
about all "worked out" ere the problems which confront us 
are settled. 

Anent this coal seam question it should not be forgotten 
that, as yet, the form Stigmaria (in any of its various phases) 
has not yet been reported in connection with it.* This cir- 
cumstance alone casts reasonable doubt as to its growth in 
situ, origin, or formation, as usually understood. Moreover, I 
find its floor or nnder bed (that of the 22-27 inch bench of 
coal forming the basal member or division of the seam) to be 
a .calcareous shale, wherever I have examined it, carrying very 
numerous remains of an aquatic fauna. 

The extraordinary uniformity pf the Pittsburg bed as to 
purity and structure of coal, evenness and geographical ex- 
tent of its various strata, its widespread interstratified shales 
and the marvelous persistency of them, and other characteris- 
tics, m&ke this seam, in its entirety, the most remarkable, most 
typical, most interesting one of which we possess any knowl- 
edge; it is probably the most extensive instance of horizon- 
tality or parallelism in stratification any geologist in any 
country ever did or ever can point to. It is certainly phenom- 
enal ; and yet I maintain that a rational explanation of any of 
its individual layers, from and including underbed to topmost 
member, has yet to be found. About all that can with safety 
be said about it is that, everything being horizontally strati- 
fied, every part of it was most likely accumulated under 
water. I have therefore come to the conclusion that this coal 
bed is the accumulated remains on the bottom of a lake or 
«ea of vegetable growth of aquatic forms\ (though much of it 
did not necessarily grow in the water) living afloat and dying 
and decaying, falling through the water.* I do not recollect 

*Tho only fraj^'mi'iil at all rosrmblin^r Stigmaria I have seen or heanl 
of from the Pit lsl)ur«r horizon was one found h\ myself near Elizabeth. 
Pa., on a bit of a shale binder in 1802. 

+ Ve<;<'tation of such character as ttirived in luxuriant profusion uix>ii 
thf surface of the water. 

tSee Quart. .lourn. (ieol. Soc. of London for August, 1804. 
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having observed anything in this coal bed or in the strata im- 
mediately below and above it that could be regarded as evi- 
dence against the idea just stated. The absence of Stigmarice^ 
of erect tree stumps with root processes attached, and of ir- 
regularities of stratification ; and the presence of numerous 
remains of a rich aquatic fauna in places and at more than 
one horizon in the seam;* with, hero and there, areas of lime- 
stone where the "draw-slate" occurs (in which "slate" I have 
seen a traveled boulder of hard yellow limestone) — all these 
facts can only be explained by an aqueous origin for this 
coal. 



SPRINGS: THE INFLUENCE OF STRATIGRAPHY 
ON THEIR EMERGENCE, AS ILLUSTRATED IN 

THE OZARK UPLIFT. 

By T. C. Hopkins, University of Chicago, 111. 
(Plate XI.) 

There is probably nowhere in the United States a better op- 
portunity for observing the influence of stratigraphy on the 
emergence of springs than in the Paleozoic area of northern 
Arkansas and southwestern Missouri, an area known as the 
Ozark uplift. 

In most mountainous areas the strata are generally much 
flexed and faulted, so that the emergence of springs is gov- 
erned largely by the position of the strata and is not so di- 
rectly dependent upon the lithologic character of the dirt*erent 
layers as is the case when the strata are horizontal or nearly 
so. with only few faults. Over a large part of the Ozark up- 
lift the strata are very nearly horizontal and are deeply 
eroded by White river and its numerous ramifying tributa- 
ries, thus exposing a great vertical thickness of the ditf'erent 
layers, so that we have a nearly ideal condition for observing 
the direct influence of the different beds on the emergence of 
the springs. It is true that the Grand Canyon area of the 
west has deeper erosion, but the lack of rain makes it spring- 
less. 

The strata in the Arkansas-Missouri area consist of dilier- 

*See Pa. Geo!. Siirv. Final R«*iH»rt, vol. iii (to b«.* publisln'cl, 1804). 
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ent beds of sandstone, limestone, shale and chert, a gener^^' 

section of which is given in the following table : 

General section of the Paleozoit stroUa in fwrthern Arkansas. 

Feet. 

1. Millstone grit, coarse sandstone 400 

2. Black shale and shelly limestone 50 to 350 

3. Archimedes limestone, partly crystalline 50 to 80 

4. Shaly sandstone 30 to 200 

5. Black argillaceous shale 100 to 250 

6. Yellow ferruginous sandstone 50 to 170 

7. Black argillo-calcareous shale 30 to 300 

8. Chert and limestone 370 

9. Sandstone, coarse, rounded grains 40 

10. Black argillaceous shale 2 to 50 

11. Crvstalline limestone. . . : 100 to 155 

12. Compact blue limestone 280 

13. Saccharoidal, white, friable sandstone 5 to 150 

14. Magnesian limestones, chert, and sandstone 1.600 

Not all of the above are exposed on any one slope. Proba- 
bly in no case is the immediate slope more than 2,000 feet 
above the stream, the average hillsides being 500 to 1,000 feet. 
Yet over the entire area each formation is exposed in many 
places, generally four or five or more on each slope. 

Not all of the above beds extend over the whole area. 
Numbers 1, 6, 8, 13 and 14 are persistent, occurring at all 
points in the area where the proper horizon is exposed. Num- 
bers 9 and 10 are very irregular, rarely both being present at 
the same time, and frequently both being absent, or if present 
only an inch or two in thickness. Numbers 11 and 12 are 
persistent beds over the eastern half of the area, but are 
wholly absent from the western half, so that at many places in 
the western part of the area No. 8 rests directly on No. 10, 
where it is present, and on No. 13 in the absence of No. 10. 
The significance of this will appear in what follows. 

Springs are abundant all over the area, some noted for me- 
dicinal properties and all remarkable for the clearness, purity 
and volume of the water. One, the Mammoth spring, forms a 
river in itself; and from many others flow large-sized creeks. 

While springs occur in almost all of the above formations, 
by far the greater number, possibly more than half, the 
springs of the whole area emerge on No. 10 or No. 13 of the 
accompanying section. The cause for the emergence on No. 
10 is very plain, as it is a compact argillaceous shale; but it 
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is^ot 80 clear why No. 18 should have so great an influence, 
as it is a very friable white sandstone, composed of almost 
pure silica. It is so friable in places that it can easily be 
rubbed, in the hands, into a loose mass of white sand resem- 
bling granulated sugar. The state geologist has suggested 
capillarity as an explanation of its impermeability. I think,, 
however, that two other factors play a very important part: 
first, the indurated surface, since in nearly all places a thin 
hard crust has formed over the surface, by the deposition of 
silica, iron and possibly lime ; second, the shale may be more 
abundant than would appear from surface exposures. Thus 
where the outcrops on the hillsides would indicate only traces, 
or the absence, of the shale, it may underlie a larger part, pos- 
sibly the greater part, of the hill; its absence on the surface 
being due to local thinning of the bed, a characteristic of this 
formation, or to the weathering away of the shale near the 
surface, permitting the overlying limestone and chert to settle 
down on the underlying sandstone. This last factor is appli- 
cable only to the western part of the area, where the lime- 
stones, Nos. 11 and 12, are absent. 

In the eastern half of the area the shale is more variable 
in thickness than in the western half. Where it has a thick- 
ness of two or three feet or more, it is a prominent horizon for 
springs. Where it is absent or very thin, the springs are ab- 
sent and the top of the sandstone No. 18 is the prominent 
spring horizon. 

The explanation for the excess of springs emerging on Nos. 
10 and 13, over the number emerging on the almost equally 
impervious shales of Nos. 2 and 7, is found in the character 
and distribution of the chert and limestone bed No. 8. In this 
bed the chert predominates in most places; and in all places 
it predominates on the surface, owing to its greater durability. 
It is very much jointed, and the weathering opens these 
joints, strewing the surface with a mass of loose angular frag- 
ments. The rain and snow water sink so quickly into this 
mass of broken stone that very little runs off as surface 
water. This chert covers a much larger surface area than any 
of the other beds, probably due in part to old baseleveling, 
and in part to its greater durability. It covers a large area 
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with a great porous mantle, which readily admits the iurface 
waters that trickle down through it until they meet the less 
perviou« bed of shale. No. 10. or the sandstone. No. 13. 

The accompanying plate XI represents a typical area in the 
western half of the district. It is a map of Eureka Springs and 
vicinitv. drawn to scale frr»m a survev of the area. It shows 
nearly all the constant springs, but omits many smaller ones 
that flow only during a part of the year. The shaded area on 
the map represents the cherty limestone of No. 8. which forms 
the tops of all the hills: the broken line is the outcrop of a 
bed of crystalline limestone { *'St. Joe marble" ) forming the 
base of the chert bed. The black shale No. 10 is present here 
in places as a bed varying from two to five feet in thickness 
and many of the springs emerge on it. Where it is absent 
or thin the springs emerge on the sandstone No. 13, which 
immediately underlies No. 10. The unshaded part, marked 
as Silurian, includes the sandstone No. 13 and several beds of 
No. 14. 

As may be seen, of the thirty -eight springs on this area of 
five square miles, twenty-six emerge at the base of the chert 
bed, and only twelve find their way through the shale and 
sandstone into the underlying magnesian limestones. Even 
this proportion is much greater in many other parts of the 
area, owing to the thinness of the sandstone bed in this re- 
gion. Where the sandstone No. 13 is thick, practically no 
springs emerge beneath it. 

It is noteworthy that this horiion of springs should repre- 
sent the interval between the Silurian and Carboniferous 
roi*ks over a large part of the area. Nos. 11 and 12 are of Si- 
lurian age, but they occur only in the eastern part of the area. 
The fact that this interval is a marked horiion of springs, is 
prv^bably a coincidence rather than a result of the long tine 
interval, as apparently the only etfect it might account for 
would be the induration of the sandstone of No. 13. There is 
no iinoor^forciity, either of dip or erosion. 

Thf rriiiark^ble features of the region are the great number 
of beaut if \:i springs s^nd the large proportion of them that 
tr.uriTe at drtiiiiie hor:ior.>. 
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THE AGE OF THE CRYSTALLINE LIMESTONES 
OF WARREN COUNTY, NEW JERSEY. 

By Lewis G. Westgate. Evanston. 111. 

The petrographic characters of certain crystalline lime- 
stones of Warren county, New Jersey, have already been de- 
scribed in the Ameki(?an Geologist for last month. It is the 
purpose of the present paper to consider the evidence of their 
geological age. These rocks occur in a belt along the eastern 
border and at the northern end of Jenny Jump mountain. 
Their more exact location is given in the accompanying map, 
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Fig. I. Map of the northern part of Jenny Jump mountain. New Jersey. 

which is based upon field work done while the writer was in 
the employ of the U. S. Geological Survey. Localities A to E 
are exposures which, from their alignment and general paral- 
lelism of strike, apparently represent a single band of lime- 
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stone. LocaHties F and G are small isolated outcrops of crys- 
talline limestone situated in the midst of the granitoid 
gneisses, which make up the bulk of the mountain. The 
largest area of crystalline limestone occurs east of the north 
end of the mountain, occupying an area two miles in length 
from north to south, and one-half to three-quarters of a mile 
in width. The surface within this area consists of a succes- 
sion of low ridges and valleys with no definite order, forming 
foot-hills lying between the high crystalline mountain mass 
on the southwest and the alluvium of Pequest meadows on the 
east. 

Petrographical characters of the crystalline limestone and 
associated eruptive rocks. The crystalline limestones of War- 
ren county are more or less coarsely crystalline, varying be- 
tween white and red in color, and containing large amounts 
of accessory mctamorphic minerals scattered everywhere 
through them — mainly pyroxene, hornblende, quartz, and 
magnetite. 

The limestones at the north end of the mountain are cut 
with great frecjuency by eruptive rocks. These are of three 
kinds, diabase, pegmatite, and diorite. Dark, fine-grained 
diabase, in vertical dikes up to fifty feet in thickness, cuts 
the limestone at various points. A coarse ]>egmatite contain- 
ing considerable amounts of hornblende and magnetite occurs 
sometimes in irregular areas in the limestone, and is probably 
of eruptive origin. The most abundant eruptive rocks occur- 
ring in the area form a series of varying mineralogica^ com- 
position, but as a whole merit the name of dioritcs. They 
consist generally of green raonoclinic hornblende and plagio- 
clase, and are then true diorites. Monoclinic pyroxene often 
occurs and tlie rock is then an augite-diorite. In some cases 
the pyroxene occurs in greater abundance than the hornblende, 
when the rock becomes a gabbro. While typical diorites are 
the most common, all gradations occur between the three va- 
rieties mentioned. The rocks, liowever, lack the typical dio- 
rite structure. All the principal minerals occur in rounded 
or polygonal grains. This structure is explained by the fact 
that the rocks occur in com pa rati vel}'^ small masses, and may 
be supposed to have cooled rapidly, giving no opportunity for 
the ditferent minerals to crystallize out separately in a deii- 
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lite order. These dioritic rocks occur in great abundance in 
he limestone. They are known to be eruptive, because at 
leveral localities, where their contact with the limestone can 
)e seen, they branch irregularly out into the limestone. In 
)ne or two cases the diorite is distinctly banded not many 
'eet from such eruptive contacts, and were it not that its con- 
act with the limestone proves it to be eruptive, it might eas- 
ly be mistaken for gneiss. The banding is clearly a second- 
iry structure, and the result of the general metamorphism 
K-hich the region has suifered. 

The relations of the crystalline limestones of Warren county 
*o the crystalline limestones in other parts of New Jersey. 
A.mong the crystalline limestones of New Jersey no localities 
ire so well known as those near Franklin, in Sussex county; 
ind writers describing the crystalline limestones of the state 
bave generally had these prominently in mind as typical, and 
representative of other localities. They have generally con- 
sidered all the separate outcrops of these beds in New Jersey 
to be of the same age with the Sussex county rocks. Cook,* 
in describing the crystalline limestones of the state, considers 
together the localities in the southeastern and northwestern 
liighlands and places them all in the Azoic (Archaean). Na- 
5on,f in describing the* Sussex county white limestones, ex- 
tends the belt by isolated outcrops southward to Jenny Jump 
mountain and to Oxford Furnace, making all these outcrops 
[)f the same age and Cambrian. 

The evidence in favor of this correlation of isolated out- 
crops of crystalline limestone, is mainly lithological, for no 
fossils have been found in any of the crystalline limestones of 
New Jersey. The reasons for correlating the crystalline lime- 
stones of Jenny Jump mountain with those of Sussex county 
are as follows : (1) Their likeness in lithological character. 
The rocks in both regions are very crystalline, generally 
white or grey limestones, and carry large amounts of acces- 
sory metamorphic minerals. (2) In both areas the limestones 
are cut by similar eruptive rocks — diabase, granite or pegma- 
tite and diorite. (3) In both regions the limestones are more 
or less closely associat-ed with the granitoid gneisses, which 

♦Geology of New .Jersey, 18(18. 

tGeol. Survey of N. J., Ann. Rept. State Geol. for 18JK), pp. 25-27. 
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are the most abundant rooks of the northwestern highlandB, 
and in some cases the limestones appear to be interbedded 
with them. (4) The crystalline limestones at Oxford Furnace 
and Jenny Jump mountain in Warren county seem to be a 
southwestward extension of the Sussex county belt. An ex- 
amination of the geological map of New Jersey does not bring 
out this supposed relation with any marked distinctness. The 
Warren county rocks do not appear to be strictly a continua- 
tion of the northern belt, but to lie somewhat west of where 
the southern extension of the Sussex county rocks would 
naturally be expected. 

The crystalline limestones of the two areas have thus been 
classed together, because of their lithologicai similarity and 
their association with the gneisses, and not on good structural 
or paleontological grounds. Lithologicai resemblances among 
crystalline rocks are certainly insufficient proof of contempo- 
raneity. This is especially the case where the areas in ques- 
tion are at considerable distance from each other. In this 
case the nearest outcrops of the two areas are separated by a 
distence of sixteen miles. Where no contrary evidence occurs, 
however, lithologicai similarity has value as a suggestion; 
and when, an in the present instance, it is accompanied by 
association with a similar series of rocks — the granitoid 
gneisses — and the outcrops occur in a general way in line, it 
is very possible that the correlation between the two series of 
rocks which has been made in the past is correct. 

Viett'M concerning the age of the crystalline limestones of 
Neir Jersey, Two different views have been held as to the 
age of the crystalline limestones of Sussex county and these 
views have been extended by their advocates to include the 
other crystalline limestones of the state. The view which has 
generally prevailed in the past, is that these limestones are of 
Archaean age, and are members of the series of crystalline 
rocks to which the gneissio rocks of the highlands belong and 
with which the limestones are closely associated. The crys- 
talline structure and the abundant presence of accessory met- 
amorphic minerals, which are characteristics of these lime- 
stones, are considered due to the same general causes which 
have produced a crystalline structure in the gneisses with 
which they are associated. Among the geologists who have 
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accepted the Archaean age of these limestoneB are Vaniixem 
and Keating,* Kitchell,f Cook, J Britten, § Dana, || and H. S. 
Williams.^ These writers consider the crystalline limestones 
to be distinct from the blue Cambrian limestone of Kittatinny 
valley. 

The other view is that these limestones are not true mem- 
bers of the crystalline series, as has generally been supposed, 
but are of Cambrian age. The supporters of this theory claim 
that the crystalline limestones belong to the same formation 
as the blue magnesian limestone (proved Cambrian by its fos- 
sils), which outcrops along the eastern border of the Kitta- 
tinny valley, and that they have been locally metamorphosed 
by intrusions of igneous rocks. This view was first proposed 
by H. D. Rogers in 1840.** It found no further support until 
Nasonf f adopted it, giving a large amount of detailed evidence 
in its favor. Kemp and HollickJ J accept the same theory for 
the age of the white crystalline limestones of Warwick, Or- 
ange county, N. Y. The reasons given in support of the iden- 
tity of the crystalline limestone with the blue magnesian lime- 
stone, and consequently of the Cambrian age of the former, 
are, as summarized by Nason,§§ as follows : 

1. The white limestones are continuous with the blue limestones (now 
accepted as of Cambrian age) and every degree of transition ma}' be 
found between them. 

2. Both have the same dip and strike. 

3. Bi)th are conformable with a quartxite also containing Cambrian 
fossils. 



♦Jour. Phi la. Acad. Nat. Sci.. vol ii, pp. 277-288. 

fSecond Ann. Kept. Geol. Survey of N. J. for ia'>5, pp. 111-248. 

^Geology of New Jersey, 1808, pp. 309-321, and in later annual reports. 

$5Ann. Kept. State Geol. for 1885, pp. 3«-5.5. Same for 188«, pp. 74-112. 

I Am. Jour. Sci., Ill, vol. xlu, 1891, pp. 70-72. 

•[Am. Jour. Sci., Ill, vol. xlvii, 1894. pp. 401-402. 

♦♦Final Report t)f the Geology of N. J., 1840. 

tfln the Annual Reix>rt of the New Jersey Survey for 1890, pp. 25-50. 
Van Hise in Bulletin 86, U. S. Geol. Survey' ''Archean and Algonkian,** 
pp. 399-404, and Nason in Am. Geologist, vol. vii, pp. 241-252, give a 
full bibliography of this subject. Other papers by Nason on this sub- 
ject have since apiieared in the Abcekican Geolochst and in the Bulle- 
tin of the Geological Society of America. In the Am. Geolooist for 
September, 1894, vol. xiv, pp. 161-169, is a summary of the facts brought 
forward by him to prove the Cambrian age of these crystalline lime- 
stones in Susse.x count v. 

t^Annals N. Y. Acad. Sci., vol, vii, pp. 638-654. 

^^American Geologist, September, 1894, vol. xiv, p. 163. 
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4. lioth arc unconformabh' with the gneiss upon which they rest. 

5. IJoth hav«» in sum total the same chemical composition and an* 
ma^nesiau. 

0. The altered crystalline condition of the white limestone is due to 
the intrusion of igneous masses and to regional metamorphism. while 
the blue limestone never contains such igneous injections. 

7. The presence of certain minerals, especially chondrodite, is not 
indicative t»f geological age. 

It is not the purpose to consider here the evidence of the 
age of the white or crystalline limestones of Sussex county, 
but merel}'' to give the arguments advanced by the different 
sets of writers. It requires, however, evidence of a very posi- 
tive paleontological or stratigraphical character to overthrow 
the generally held opinion that these two very different lime- 
stones are of different age. 

The aye of crystalline limestones of Warren county. The 
largest area of crystalline limestones in New Jersey, next after 
that of Sussex county, embraces the Warren county outcrops 
along Jenny Jump mountain. The facts so far made out by 
a careful study of the latter, point to the conclusion that 
these limestones are distinct from the Cambrian blue magne- 
sian limestone which occurs in Kittatinny valley to the west, 
and that they are of pre-(.'ambrian age. 

Jlelations of the crystalline limestones to the gneisses. The 
isolated outcrops, A to E (see the foregoing map), of crystal- 
line limestone along the eastern edge of the mountain, are 
undoubtedl}'' remnants of what was once a continuous band, 
and have been separated b}^ erosion, the alluvium of Pequest 
meadows covering the former connections between the present 
outcrops. The limestone in these outcrops sometimes shows 
a faint banding, but ver}'' often is quite massive; and when 
banding is apparently present it is often so obscure that 
measurements of it are r>f doubtful value. Where present, the 
banding of the limestone is in general parallel with that of 
the gneiss. Granitoid gneiss bounds the limestone on the 
west wherever outcrops are found on the west side of the 
limestone. At two points, A and I), banded granitoid gneiss 
is found on the east of the limestone, between it and Pe- 
(juest meadows. Kock outcrops are wanting where the gneiss 
might be expected to be found, east of the other limestone 
outcrops of this belt. The banding of the limestone agrees 
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with that of the gneiss on either side. This, with the posi- 
tion of the limestone between gneiss outcrops, seems to indi- 
3ate that the limestone is interbedded with the granitoid 
gneiss along the eastern side of the mountain. The intimate 
association of the limestone with the gneiss is at any rate ap- 
parent. 

At F and G outcrops of crystalline limestone also occur. 
At F (just east of the Stinson mine), a band of crystalline 
limestone occurs in the gneiss, dipping 50*^ S. E., and with a 
strike of N. 40^ E. This band is about six feet in thickness 
and is parallel with the banding in the biotite gneiss with 
which it is associated, and acts in every way as a conformable 
member of the gneissic series. This outcrop cannot be traced 
in either direction along the strike, and appears to be local. 
At G the relations of the limestone are the same. It is not 
impossible that these two small outcrops maybe of the nature 
of segregations rather than true beds. They are less coarsely 
crystalline than the other outcrops and contain a consider- 
able amount of basic impurities. 

The relations of the northern Jenny Jump limestones will 
be discussed later. Enough has been said to show that out- 
crops A to G are closely associated with the gneisses and ap- 
pear to be interbedded with them. 

The crystalline limestones and ernjHive rocks. Besides this 
interrupted band of outcrops, there is, as already described, a 
large area of crystalline limestone at the northern end of the 
mountain. The limestone here is cut by numerous eruptive 
rocks. These are coarse granite or pegmatite, which occurs 
in large irregular masses; diabase in dikes up to fifty feet in 
width ; and diorite, which is by far the most abundant of the 
three. These eruptive rocks, however, can not be considered 
the agent of the metamorphism which has taken place in the 
limestone. The reasons for this statement are as follows: 

(1) If the eruptive rocks were the agents of metamorphism 
the limestone should be most crystalline at the contact with 
the eruptive, and should become less crystalline as the dis- 
tance from the eruptive rock increases, until at no very great 
distance an unaltered non-crystalline limestone should be 
found. This limestone should be the same as the blue mag- 
nesian limestone of Kittatinny valley, if, as some writers as- 
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sert, the eryetalline limestones are simply the Cambrian met- 
amorphosed by intrusives. Such phenomena as those de- 
8<*ribed are universally present where limestones (or other 
rrieks such as s<*hists or shales) have been locally metamor- 
phosed by intrusives. One of the best known examples of 
these relations is that at Cortlandt, N. Y., a short distance 
south of Peekskill. G. H. Williams* in describing the con- 
tact here between the eruptive diorites and the limestone, says : 

Th«' nif*tanior|>hic action HXt«:*iMis but a small distauce from thr actual 
contact, hut is always unmistakahU* in its nature. Th«t limestone is in 
alm<»st all cas«'S bl»»ach«*d and is fn-quHntly rendered more coarsely crys- 
talline. There are new C(»ntact minerals develoju^d in it, amonj]^ the 
m«»st common of which are hornblende and pyn^xene. 

Similar conditions are said by Nasonf to occur at the con- 
tact of the limestones and eruptive rocks near Franklin, N.J. 
No such relations occur between the diorites and limestones 
in the Jenny Jump area. The limestones are not more crys- 
talline at the contact with the eruptives than at a distance 
from them. The limestone is uniformly crystalline through- 
out. The accessory minerals, pyroxene, biotite, graphite, ete., 
are not found more abundantly near the contact than else- 
where. The limestone shows no change in crystalline char- 
acter, or in the abundance and character of accessory minerals, 
as the contact with the intrusive is approached. 

(2) There are bands of limestone occupying very consider- 
able areas, and everywhere of perfectly crystalline character, 
which nowhere show the presence of eruptive rocks. The 
uniformly crystalline character of the limestone over consid- 
erable areas is evidence that the metamorphism is not due to 
local intrusives. It was produced by some cause acting uni- 
formly over wide areas and resulting in regional as distin- 
guished from local metamorphism. 

The same relations are shown in the outcrops of crystalline 
limestone A to G as in the larger area at the northern end of 
the ni(»iintHin. Eruptive rocks are of uncommon occurrence 
in the limestone outcrops along the eastern side of the moun- 
tain. At only oni* locality (H) was an eruptive rock seen in 
thi* ]ini<\st(>n<\ Here a small dike of gabbro six inches in 
thickn(*ss was seen cutting the limestone, apparently i n the 

*Am. .lour. Sci., Ill, vol. xxxvi. 1HS8. j). 2(57. 

f Ami. Kei)t. (ieoj. Survey X. .1., for 181K), p. 32, and elsewhere. 
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plane of the bedding. Yet these outcrops A to E contain 
some of the most coarsely and thoroughly crystalline lime- 
stone of the whole region and limestone carrying as large a 
proportion of accessory metamorphic minerals as any else- 
where. The metamorphism cannot be the result of eruptives 
as there are almost none in the limestone. 

The metamorphism of the Jenny Jump limestones is not 
local, but general ; not due to the agency of eruptive rocks, 
but to other causes acting over wider areas and producing 
farther reaching and more uniform effects. In this area the 
crystalline and the blue Cambrian limestones are not inti- 
mately associated. Yet the unchanged blue limestone occurs 
not far from the crystalline at the most northern outcrops of 
the latter. The metamorphism has affected the crystalline 
limestone but not the blue. The reason is clear. The blue 
magnesian limestone had not been deposited at the time of 
the metamorphism of the present crystalline limestone, else 
it too would have been involved in the same changes as have 
affected the crystalline limestones; changes very probably 
produced by the same agents that were at work in the crys- 
tallization of the associated gneisses. The crystalline lime- 
stone is older than the blue Cambrian limestone and is of pre- 
Cambrian or Archaean age. It is difficult to conceive that the 
forces resulting in metamorphism could act over considerable 
areas and then suddenly stop short. If the two apparently 
different limestones are of the same age, the blue limestone 
associated with the crystalline should also have been meta- 
morphosed. A greater agent than local metamorphism by 
eruptives is required, to explain the crystalline character 
of the Jenny Jump limestones. Regional metamorphism, 
which is the only adequate explanation of this character, 
must have occurred at a time previous to the deposition of 
the blue or Cambrian limestone. 

The fl eld relations of the crystalline limestones and the blue 
magnesian or Cambrian limestone. More or less has been 
written concerning the field relations of these limestones 
while discussing previous points of this paper. In the Jenny 
Jump region they are nowhere in close and intimate associa- 
tion. The two are said to be in intimate association about 
Franklin, in Sussex county, and that is taken as one of the 
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evidences of their contemporaneity. The belt of limestone 
outcrops along the middle of the mountain ( A-E) is nowhere 
in contact with the blue limestone; on the contrary, wherever 
the rocks adjacent to the limestone on either side appear they 
are granitoid gneisses. 

At the northern end of the mountain the crystalline lime- 
stones occupy a distinct area, and no outcrops of blue lime- 
stone are known within that area. North of the northern end 
of this area, however, blue limestone occurs at H (see map), 
not over two hundred feet from the crystalline limestone. 
The blue limestone here is the typical fine-grained blue lime- 
stone which outcrops further west in Kittatinny valley. The 
crystalline limestone is in part characteristic for that rock, 
and in part a local variety (pyroxene-rock or quartz-rock) 
frequently found associated with the limestone. There are 
no eruptive rocks cutting the crystalline limestone here. The 
two outcrops are perfectly characteristic of their respective 
varieties, and there is no tendency in either toward gradation 
into the other. It seems hardly possible that the passage 
should not show in this locality, if there is a gradation be- 
tween the two rocks, for they are separated by less than two 
hundred feet. The crystalline limestones of Jenny Jump 
mountain are in all cases sharply distinct from the blue 
Cambrian limestones; and at the locality where the tw^o occur 
nearest together, there is no gradation in lithological charac- 
ter between them. 

ConclH»ion. In conclusion, the crystalline limestones of 
Warren county are believed to be distinct from and older than 
the blue magnesian limestone of Cambrian age which occurs 
along the northwestern side of the New Jersey highlands. 
They are believed to be distinct for the following reasons: 
first, they have a well developed crystalline character, and 
they hold large quantities of accessory metamorphic mineralB: 
second, they show no intimate? association in areal distribu- 
tion with the blue Cambrian limestone; third, they show no 
tendency to grade into blue limestone. They are believed to 
be older, because, first, they have been subjected to general 
metamorphic forces resulting in great changes, of which the 
neighboring blue limestones show no trace; second, they oc- 
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cur in intimate association with the granitoid gneisses and in 
some cases appear to be interbedded with them. 

Whether the other crystalline limestones of New Jersey are 
of the same age as those of Warren county, has not been 
proved. The answer has generally been that they are. This 
seems to be the most probable view. If they are, and if the 
position taken in the present paper is valid, then the crystal- 
line limestones of Sussex county, and of other places in New 
Jersey, would also be, as they have generally been supposed 
to be, of pre-Cambrian or Archajan age. 



[PALiEOXTOLOGICAL NOTES FROM BUCHTEL COLLEGE.— No. 8. J. 

ON A NEW PLACODER-M, BRONTJCHTHYS CLARKI, 
FROM THE CLEVELAND SHALE. 

By E. VV. Claypole, Akron. Ohio. 
(Plate XII.) 

To the three great placoderms of the Upper Devonian of 
Ohio, Dinichthys, Titanichthys, and Gorgonichthys, must now 
be added a fourth genus not less remarkable than the rest and 
only less striking because it is not the first. In the Cleveland 

« 

shale of Cuyahoga county Dr. Clark has recently found a jaw, 
which, while bearing a strong general resemblance to Titan- 
ichthys, yet diifers so much that it cannot be placed in that 
genus. Two views of the fossil given herewith will illustrate 
its characters. 

Only a single ramus, the left, was found, and most careful 
and continuous search failed to discover its mate. It is slightly 
imperfect on the hinder end but almost complete in front. It 
must originally have measured at least twenty-five inches from 
end to end. Its greatest depth toward the spatular end is five 
inches. In this part it shows no distinction from the jaw of 
Titanichthys. But in front its construction is much more 
massive. It bends outward about five inches from the tip, 
and at the bend begins a deep alveolus resembling that in the 
jaw of Titanichthys but growing deeper toward the end. This 
alveolus is now an inch and a half deep, and when its walls 
were entire it must have been somewhat deeper. The inner 
wall is rather higher and thicker than the other. It is appa- 
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rently somewhat crushed inward, thereby narrowing the ai^ 
olu<> to the same amount. 

The sjmphjsial part of the jaw is but slightly injured, and 
its appearance strongly suggests an intermandibular bone or 
cartilage. The symphysial surface retreats rapidly upwarcJ. 
so that the lower point is the most prominent. The bone f& 
\f!Tj massive even to the end, ditfering in this respect strik: ^ 
ingly from the corresponding bone of Titanichthys. It i ^ 
nearly an inch thick at the thinnest part under the alveolu 
and often exceeds this measurement. 

It is almost impossible to doubt that this deep alveolus onc< 
carried one or more strong teeth, as was the case with Titan- 
ichthys : but as no trace of such organs was met with, 
can only at present speculate on this point. 

At the bend of the jaw the bone measures two inches iiu 
thickness. InferioVly the edge of the jaw is sharp along it^- 
whole length, smooth in its hinder portion, but slightly rough 
and somewhat tuberculated in front. 

The peculiar bend of the jaw may excite a suspicion that 
some degree of fracture has taken place during fossilization^ 
and that the figure does not therefore represent the true form -. 
But, in addition to the fact that the bone shows no sign o^ 
fracture in that place, we may add that the fossil occurred in. 
a rather unusual position, not lying flat in the shale but set" 
on edge, so that fracture in the dir(K?tion supposed is quite 
impossible. 

The generic name is taken from the mythologic term 
lifjovtjjgy one of the Cyclopes: and the honor of the specific 
name is only a just tribute to the industry and perseverance 
of its discoverer, Dr. W. Clark, of Berea, Ohio. 



GEOLOGICAL HISTORY OF THE MISSOURI 

PALEOZOIC. 

By (1. C. Bruadheau. Columbia, Mo. 

The Missouri Paleozoic rocks, in their average surface (le- 

volopnient, include: 

T'pIH'!' ( arboiiif'Toiis 2.000 feet. 

Kowir ( 'arh<»iiif»Ton> to ihi- bas«* of ihe liurlinjr- 

loii 1.100 
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Chouteau Limestone group 200 

Devonian 100 

Upper Silurian 3(50 

Tjower Silurian t<) the base of the Trenton 400 

4.160 



Ozark series, including : 

First Magnesian limestone 130 

First or Saccharoidal sandstone (St. Peter's). . . 130 

Second Magneslan limestone 230 

Second sandstone 125 

Third Magnesian limestone. 350 to 600 

Third sandstone 50 

Fourth Magnesian limestone 300 



1.315 



Total 5,475 

Below the Trenton formation in southern Missouri the 
Ozark series therefore presents a great thickness of magne- 
sian limestone with occasional beds of sandstone. In the well 
at the Insane Asylum at St. Louis the borings would indicate 
2,000 feet of this series. Prof. Swallow applied to them the 
term "Magnesian Limestone series,'" but the objection to the 
term is that there are magnesian limestones of other ages. As 
the series is well developed in the Ozarks, and the Ozark area 
is so great, it seems that of all names there is none more ap- 
propriate than "Ozark Series." As such I have named and 
described it in an article published in the American Geolo- 
gist for July, 1891. 

In southeastern Missouri the continuity of the Ozark series 
is not preserved in the same manner as represented elsewhere, 
but is thus: 

First Magnesian limestone 130 

First or Saccharoidal sandstone 133 

Second Magnesian limestone 175 

Second sandstone; lower beds cherly 125 

Third Magnesian limestone with chert and (jiiartz 225 

Gritstone and Lingula beds 50 

Ozark marble 25 

Lower sandstone and con«?lomerate IK) 

Total !)53 

These rest on the Archii^an porphyries and granite. The 
thickest development of the terranes between the Ozark series 
and the top of the Lower Carboniferous Dr. Shumard has es- 
timated to be over 1,800 feet in Cape Girardeau county. He 
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recognized over 600 feet of Upper Silurian in that county. 
Northwardly it becomes thinner, not being observed at all in 
St. Louis, St. Charles and Jeiferson counties, but may be 100 
feet thick in Pike county. In Montgomery county about 20 
feet of gray limestone may be referred to the Upper Silurian, 
and this is restricted to a small area in Montgomery and Cal- 
laway counties. Certain terranes being wanting in central 
and southwestern Missouri the Paleozoic rocks, in their areal 
distribution, would have much less average thickness than the 
section above gives. 

In southwest Missouri the group between the St. Louis and 
Chouteau cannot well be separated. To such Prof. H. S. 
Williams has appropriately given the name "Osage series." 

The Ozarks belong to Missouri and in part to Arkansas. 
The Boston mountains are of another system, extending west- 
wardly into the Indian territory. Farther south is the Wash- 
ita system, extending from Little Rock west to the western 
part of the Indian territory. The area of Missouri, according 
to the census of 1890, is 69,415 square miles. Most of south- 
ern Missouri is included in the Ozark plateau, an elevated 
tract which in Missouri contains about 36,000 square miles; 
and its total area is probably 50,000 square miles, including 
part of Arkansas. This plateau is limited on the east by the 
Mississippi ; on the north by the Missouri and Osage rivers ; and 
on the west by a line about 30 miles east of the western state 
line. The Arkansas river may be the southern limit The 
eastern portion of north Missouri is elevated about 700 feet 
above the sea ; passing westwardly it rises by gentle undula- 
tions to 1,100 and 1,200 feet in the northwest. The Ozark 
plateau near its eastern border is 700 to 800 feet above the 
sea, but within 30 miles it rises to 1,200 and 1,600 feet. The 
porphyry peaks of southeastern Missouri rise 1,200 to 1,800 
feet above the sea, while the unaltered sedimentary rocks sur- 
rounding them rest unconformably upon them at an elevation 
of 1,100 to 1,200 feet above the sea. Passing westwardly they 
rise to 1,500 feet in Webster county, 1,700 in Wright, 1,350 in 
Green, 1,530 in Barry county, and nearly 2,000 feet in the 
Boston mountains of northwestern Arkansas. Along the 
western state line the elevation is 850 to 1,100 feet, while be- 
yond in Kansas the country gradually rises to the plains and 
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to the Rocky mountains beyond. In southern Illinois the 
general surface is but little over 500 feet, reaching 700 and 
800 feet in tKe central portion. Borings at the Insane Asy- 
lum, St. Louis, would indicate that the Archaean lies about 
3,800 feet below the surface, or about 3,200 feet below the 
sea level. Not altogether reliable records of a Jackson county 
boring assert that granite was reached there about 2,500 feet 
below the surface, or 1,500 to 1,700 below the sea level. From 
observed outcrops in central and southwestern Missouri we 
would suppose that borings in Nodaway county might pene- 
trate through 4,000 feet of strata to reach the Archaean, find- 
ing it about 2,800 feet below the sea. That would nearly 
agree with the measured depth at St. Louis. The Archaean 
floor in southern Illinois probably occupies about the same po- 
sition below the sea that it does at St. Louis. At the close of 
Archaean time the stat« would be occupied by a deep sea, the 
Cambrian sea, through which in southeastern Missouri cer- 
tain granite and porphyry peaks protruded 500 to 1,000 feet 
above the waters ; these are now seen in St. Francois, Madison, 
Iron, Reynolds and Wayne counties. Southeastern Missouri 
was probably dry land in the early Cambrian, but in the later 
Cambrian or early Potsdam period the Ozarks were occupied 
by a shallow sea whose waves dashed furiously against the 
Archaean hills, sufficient to erode enough material to form a 
sandstone. This sandstone is found upon a limited area in 
about four counties of southeastern Missouri. It is generally 
of coarse texture and includes pebbles of the Archaean. Else- 
where the strata are covered with more recent deposits. Most 
of the Archcean area subsided to a depth of 2,000 to 3,000 
feet in order to receive the Lower Magnesian limestone and 
interbedded sandstones of the Mississippi valley, extending 
from central Texas to lake Superior; only certain peaks in 
Llano and Burnet counties, Texas, and in six or seven coun- 
ties of southeastern Missouri were exposed. 

The life of this early Cambrian sea was limited in number 
of species. In Missouri it embraced a few Orthocerata, a 
Lituites, a small Orthis, a Pleurotomaria, a Maclurea, an Oph- 
ileta, two or three species of Straparollus, probably two spe- 
cies of Murchisonia, and three or four species of trilobites; 
while in the Potsdam of Wisconsin and Minnesota several 
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other species of trilobites have been found. Sea worms 
abounded where the waters were more shallow, and left their 
tracks in irregular winding holes in the otf-shore sandstone. 
In the upper beds sea weeds abounded, as shown by the lime- 
stones now exposed. Certain beds of the Second Magnesian 
limestone are largely made up of the accumulated mass of 
sea weeds bundled and pressed together, their form only pre- 
served, filled with calcareous matter. 

There were occasionally elevations long enough continued 
for sands to accumulate otf-shore to become in later time beds 
of sandstone, then a sinking and accumulation of sediment in 
the deeper seas, until finally 2,000 feet had been formed. 
Ages rolled on, the ocean beds rose, the granite and porphyry 
hills of southeastern Missouri, as well as those of Wisconsin 
and Minnesota, were eroded of their material during the vio- 
lent agitation of the waters near the close of the period of the 
.Upper Cambrian. These sands were deposited around the 
sea's margin in remarkably clear water. The First sandstone, 
or the St. Peter's, was formed thicker along the Mississippi 
trough, or what was afterward the Mississippi trough, extend- 
ing from southeastern Missouri to St. Paul in Minnesota. East 
and west of that line the deposit is thinner, apparently en- 
tirely thinning out in Missouri at 160 miles west. 

After the laying down of this sandstone most of the Ozarks 
were raised above water. Much of the upper strata were 
eroded and rede posited to form the rocks of later ages. The 
evidence is that after the Upper Cambrian period most of the 
Ozarks v/ere elevat^fd above the waters and have so remained. 
The Ozark series northward and eastward was depressed not 
less than 1,500 feet, and the Ozarks were separated from the 
Wisconsin highlands by a deep sea ; this was the Silurian sea, 
and in it were laid down the Trenton and Hudson River beds 
toward the north and east. But this condition prevailed only 
as far west as Callaway county. From this we infer that the 
Ozarks at that time extended over the western and north- 
western part of Missouri. After the Lower Silurian was 
formed the western half of Missouri was dry land, but the 
country from Cape Girardeau to Ralls county was so de 
pressed as to receive froui 100 to 200 feet of sediment to form 
the Upper Silurian. P^astwardly the bottom gradually settled 
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down sufficiently to receive 3,000 feet of sediment in the Ap- 
palachians and New York, but this thinned out as above 
stated to 200 feet in southeastern Missouri, becoming zero in 
Callaway county. Westwardly dry land continued. The 
subsidence continued so as to receive about 100 feet of Devo- 
nian limestone in northern Missouri, thinning out in Pettis 
county. The Devonian sea extended northwardly to Wiscon- 
sin and around the eastern slopes of the Ozarks and beyond 
the Appalachians. Upon the Ozarks, and extending far west, 
dry land still prevailed. At the close of the Devonian on the 
east and south a clay deposit accumulated in certain shallow 
estuaries, which later by the absorption of certain hydrocar- 
bons became a black slate. The Devonian period in Kentucky 
and in a portion of Missouri, notably at the falls of Ohio and 
in Callaway county. Mo., was characterized by extensive coral 
reefs. The Upper Silurian and Devonian in the eastern 
states were also rich in coral forms. 

After the Devonian was laid down there seems to have been 
a marked dynamic change. At the close of the Devonian 
there was a subsidence of most of the Mississippi valley west 
of the Mississippi river, with the exception of Minnesota and 
part of Iowa, and the Archtean of southeastern Missouri and 
of Texas. The Ozarks subsided sufficiently for the early Car- 
boniferous seas to cover their margins. This was the begin- 
ning of the Subcarboniferous. On the east and north these 
beds rest upon the Devonian, but on the west they repose 
upon the Ozark series. The several groups of the Subcarbon- 
iferous, as the Paleozoic sea sank, continued to gradually ac- 
cumulate. First the Chouteau and its several formations, 
next the Burlington with its rich crinoidal fauna and inter- 
calated chert, then the Keokuk, and then the St. Louis,— each 
to be afterward in a great measure eroded. That there was a 
slight subsidence and then an elevation of the Ozarks after 
the Burlington had accumulated is shown by the occasional 
finding of patches of limestone of that terrane along the 
northern and western front and resting upon the Ozark series, 
indicating that the erosion of the early Subcarboniferous must 
have been great. Previous to this, the erosion of the later 
Ozark series must also have been great, but very probably it 
was largely aerial. Since the close of the Burlington the 
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Ozarks have remained above water. The accumulations of 
the St. Louis and Chester limestones were greater along the 
Mississippi, and thin out westwardly. The later Chester or 
Kaskaskia limestone was represented only by a sandstone in 
northern and southwestern Missouri. At this time there was 
a marked change in fauna and flora, as well as in continental 
area. The deep ocean flo«ir. east, north and west of the 
Ozarks. which had been so long receiving deep sea deposits 
sufficiently to be part land, part water, rose with a surface 
nearly flat, over which were lakes and vast swamps, beginning 
to support a rare and luxuriant vegetable growth, the fore- 
runner of the cf^al peritnl. The leaves and older trees fell and 
accumulated in the peaty swamps and in time were covered 
by the overflowing seas, leaving silt and sediment. Soils were 
formed: forests' grew and matured, and lycopods and ferns* 
left their debris to be again ccivered up. At one time the 
surface would sink so much that the overflowing sea covered 
the i»lder beds with ai*cumulatious of limestone. In this way 
a number of ancient f(»rest beds with their vegetable growth 
were buried. Each of the In-ds of decaying vegetation was 
converted to coal: the same vegetation in the presence of the 
atmosphere would form humus. That there was probably a 
great deal of carbonic acid in the atmosphere during the coal 
period is believed: alsi> that this was absorbed or withdrawn 
by the luxuriant plant growth. While these deposits were 
being formed, a large portion of the Mississippi valley was 
sinking. Still the Ozarks kept their everlasting hills above 
the waters, while Kentuckv. Indiana. Illinois, Iowa, northern 
Missi^uri. Arkansas and Texas were nearlv covered bv coal 
swamps, i»ver which the sea would occasionally flow. 

During the formation of the coal in the Appalachians and 
the Mississippi valley, and while the country in general was 
being subjected to alternate depression and elevation, the 
present R»x'ky mountain re£ri«»n remained for the most part 
under a deep sea. The o«»al •»f the west is of more recent age. 
In that roirii'iK duriiii: the time i^f the Upper Carbonifer(»us 
peri«»d, !iincst«»ius wt-re ohierty formed in the deep seas. We 

* Ni»7K. A: : v^-iii w- muv h^vv a^H-ii: ir> >i>*oit'S tif livinir ff nis in 

^ • • s • 

M;'^>' •'.;:: l\\ H»*i.r\ o«Him> "V-r !•• si^o:v< h.tv.* bt*en «.>btain^ from 
::> >:!a.' < ««v.r;\ .!ij rh*- 0";t! b-iis. .t'i pr^vs^-il :\iA b».-aiiiifiilly preserved 
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have found an occasional plant fragment, showing that there 
may have been a few Carboniferous islands supporting a lyco- 
podiaceous growth. But there is no coal of Carboniferous age 
west of the plains. Around the margin of the lower Coal 
Measures, where they rest upon rocks of older terranes, are 
found isolated coal deposits consisting, for the most part, of 
an impure cannel or bituminous coal. Their thickness may 
be a few* feet or may be 20 or 60 feet, or even more ; their in- 
clination to the horizon would indicate that they were formed 
when the adjacent strata were considerably disturbed, or that 
a disturbance occurred soon after the coal was laid down. 
These beds are now often found in side valleys tributary to 
larger valleys ; and the rocks higher in the hills as well as 
those on which the coal rests are of older age than the coal it- 
self. In fact they rarely extend farther than 200 feet into the 
adjoining hill. In northeastern Missouri they lie on and 
against the Lower Carboniferous; in Cole, Moniteau and 
Morgan counties they rest on beds of the Ozark series, and in 
no instance have I observed them occupying eroded valleys of 
Upper Carboniferous age. They must have been formed just 
at the dawn of the Upper Carboniferous when there was an 
unsettled condition existing, and when oscillations and tilting 
of strata prevented a continuous coal formation ; or in other 
words the first coals were laid down in small disconnected 
basins.* 

We have thus far traced the geological history of each ter- 
rane. We would now consider briefly the subsequent frac- 
ture, erosion and carrying away of the material so as to pre- 
pare our field for man's habitation. 

At the close of the Paleozoic the Appalachian revolution 
took place ; the coal and other interstratified beds from Penn- 

m 

sylvania and southwestward to Alabama were crushed up, 
folded, and raised 4,000 or 5,000 feet; and the bituminous 
coal of eastern Pennsylvania was changed to anthracite. At 
the same time there was a slight quaquaversal upthrust of 
the Ozarks and of the later strata, as shown by occasional 

■ - ■ - - -" - - — ■ ■ - 

*Both zinc and lend ores have been found with the coal in these 
**pockets," evidently dei>osited since the coal was laid down; and it may 
be that the lead and zinc ores of central and southwestern Missouri were 
all deposited since the laying down of the coal. 
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slight fractureB and faultings. That was the last uplift of 
the Ozarkp. Previously there were undoubtedly stream chan- 
nels in the Ozarks. After the close of the Paleozoic there 
were additional fractures, greater erosions and deeper chan- 
nelings by the streams. In southern Missouri the eroded val- 
leys are 300 to 450 feet deep, in northern Missouri they may 
have been 200 or 300 feet, but, excepting near the Missouri 
river, they are rarely to be seen over 150 feet deep, teaching 
200 at the extreme. The Missouri river shows a valley gen- 
•erally one to two miles wide, with an inner channel or trough 
eroded before glacial times but during the Ice age filled up 
from 40 to 90 feet. 

Proportional to the size of the stream and character of the 
blutf are the size and depth of the stream's trough. The 
streams in southern Missouri are partly filled with a local 
drift. Away from the larger streams the country is hilly or 
rolling, dependent on the character of the roc^k structure. 
Where the country rock is limestone, the channels and hills 
are rugged. The Coal Measures being largely composed of 
sandstones and shales, with only thin limestx)ne beds, the ero- 
sion there has l>een greater, but the slopes are more gentle. 
We often observe limestone-capped ridges; when the erosion 
is long continued they remain as mounds. To this is due the 
interesting and beautiful scenery of the prairies of western. 
Missouri. Where the strata consist of beds of shales and 
■sandstone capped by harder limestone, the last serves as a 
protecting cap to the softer underlying beds, retarding their 
entire erosion. A line of such mounds may be traced along 
the base of the upper Coal Measures from Bates county north- 
eastward through Cass, Johnson, Lafayette, and thence north- 
wardly. Along this line are seen ridges several miles long, 
and occasionally a single mound 80 or 100 feet above the lower 
plains with an area of probably half an acre on the summit. 
Other mounds may be near, or distant two, five, or fifteen 
miles. The visible depressed or eroded area may be a pris- 
moid 100 feet deep b}' five or ten miles in one direction and 
twenty miles or more in another. From the summit of one of 
these mounds we may gaze on a hundred farms occupied by 
An industrious and thrifty people. 
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EDITORIAL COMMENT. 



A NEW Meteorite. Minnesota No. 1. 
LaBt April (9th), about four o'clock in the afternoon, a pe- 
culiar rumbling sound startled the people in the neighborhood 
of Fisher, in Polk county, in the Red river valley, in the 
northwestern part of Minnesota. In July, in making hay on 
a meadow in Sec. 28, Range 49, T. 150, a stone was found 
which had by falling entered the sod a few inches, the force 
of the impact having turned the turf back in all directions. 
There being no drift boulders on the surface in the region, 
this -was at once- connected with the rumbling noise. On ex- 
amination it proves to be a chondritic meteoric stone, quite 
similar to the well known Winnebago meteorite. Its weight 
is about 9^ pounds, and it is entirely covered with the usual 
black crust. This being the first known meteorite fallen in 
the state it is proposed to name it Minnesota No, i, with a 
view to continue the series by suitable numeration for all fu- 
ture Minnesota meteorites. A full description will be given 
in a later issue of the Geologist. n. h. w. 

Arctic and Antarctic Exploration. 

In a paper read before the Section of Geography in the 
British Association at the last August meeting,* Col. H. W. 
Fielden, who was the naturalist of the Nares Arctic Expedi- 
tion in 1876-'76, reviewed the reasons for hoping and expect- 
ing that Nansen and his party, after drifting in the ice-pack 
across the sea surrounding the north pole, will return to tell 
their experiences. Not only is Siberian drift-wood strown 
along the northwest coast of Greenland and the shores of 
Grinnell land, but also the currents have brought such drift- 
wood during a long time past, in which Grinnell land has been 
uplifted at least 1,000 feet. Up to that bight. Col. Fielden 
there found drift-wood embedded in recent alluvial or glacial 
clay and mud deposits, with. marine shells of the species now 
living in the adjoining sea. The bivalve shells are often still 
held together by their hinges and retain their brown epider- 
mis; and the wood is combustible and so light as to float on 
water. All the wood appears to be of coniferous species, be- 

*Partly printed in tht* Ikilletin of the American Geographical Society, 
New York, vol. xxvi.pp. 389-393, Sept. 30. 1894. 
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ing wholly different from the drift-wood east on the shores of 
Spitzbergen, which is borne by the Gulf Stream into the 
North Atlantic and Arctic oceans. 

We may add, in this connection, that Gen. A. W. Greely's 
Report of the U. S. Expedition to Lady Franklin bay, Grin- 
nell land, mentions (in vol. ii, p. 57) the occurrence there of 
recent fossil shells of Astarte lactea up to 1,000 feet, and of 
Saxicava arctica^ as provisionally determined, up to 2,000 feet 
above the sea. At Polaris bay on the neighboring Greenland 
coast, recent marine shells are reported to occur at the hight 
of 1,600 feet. 

It may be also noted that one of the questions which we 
may hope to have answered, if Nansen crosses the polar sea 
and reaches home, relates to the geographic position and ex- 
tent of the large nearly flat land from which come the great 
tabular icebergs, sometimes called floebergs and "pal«?ocrystic 
icebergs,"' similar to the vast masses shed from the Antarctic 
ice-sheet, though smaller, ranging from 100 to 600 feet and 
rarely 800 or 900 feet in thickness, seen by Nares and others 
in the open polar sea north of Greenland and Grinnell land. 
These flat icebergs, born from the margin of an ice-sheet on 
flat and comparatively low land, unlike that of the Greenland 
ice-sheet and its valley glaciers, are thought by Greely to 
come from a large land area north of Bering strait and very 
near the pole, with its center between the 86th and 88th par- 
allels and the 155th and 175th meridians of west longitude. 
The thick tabular bergs are prevented from drifting to the 
Siberian coast by the shallowness of the sea there ; but they 
are carried by the currents to Banks land, Grinnell land, and 
into Robeson and Kennedy channels, where the Atlantic tides 
sweeping around the north end of Greenland turn south to 
Smith sound. 

Numerous glaciers by which the Greenland ice-sheet out- 
flows through the valleys of its mountain border into Melville 
bay and Inglefield gulf, between 75"^ and 78^ north latitude, 
are described by Prof. Angelo Ueilprin.* Among the illus- 
trations accompanying his paper, the most interesting are the 
"hanging glacier'' of Herschers island, flowing down from the 

*P(»piilur Science Monthly, vol. XLVI, pp. 1-1-4. with nine illuslralions 
frum photographs, Nov., 1891. 
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crest of a high mountainous coast, and a "domed glacier" in 
Inglefield gulf, having the form of a great roundly sloping al- 
luvial fan, with its border broken off in steep clilfs by the 
sea. Prof. Heilprin ventures the opinion that exploration and 
study of the Greenland glaciers will probably bring "no ex- 
planations that have not already been made familiar through 
the teachings of other countries." Glacialists, however, will 
be more hopeful, since our literature and resources for theo- 
ries have been so increased by RusselPs studies, in 1890 and 
1891, of the Malaspina glacier or ice-sheet in Alaska. Much 
new light is expected, by investigators of the glacial drift and 
its problems, from the past summer's observations of the 
Greenland ice-sheet and glaciers by Chamberlin and Wright, 
supplementing the previous observations of Rink, Hoist, 
Steenstrup, NOrdenski^ld, Nansen, Peary, and others. 

Furthermore, it is to be earnestly desired that an expedi- 
tion on the Antartic ice-sheet shall be undertaken, and it 
seems possible that a great part or perhaps nearly all of the 
distance of 850 miles from the shore near the high volcanoes 
Terror and Erebus to the pole can be traversed, with a safe 
return, during the three months of the circumpolar midsum- 
mer available for such an expedition. It would be very in- 
structive to learn whether the maximum central altitude of 
the ice surface in Greenland, about 9,000 feet where it has 
been crossed by Nansen and Peary, is exceeded by the far more 
extensive Antarctic polar ice-cap. Nunataks, or the tops of 
hills and mountains projecting above the ice-sheet, are found 
in Greenland only near its borders; but the Antarctic conti- 
nent, while having chiefly a low margin, may contain very 
high mountains, rising out of the ice as nunataks far toward 
the south pole. w. u. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



T/te Laramie and the orerlying Ijirinynton Formation in Montana. My 
W. H. Weed. With He]>*frt on Flora, by F. H. Kxowlton. {V. S. Gool. 
Survey, Bulletin 105. (W i»i).: plates. ISO.'^. Price, 10 cents.) There 
are few western formatiuns around which there has been si> much di.s- 
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ciission as thi» I^ramie. and there ar«» few concerninfr which there ak 
still so many questions of interest undecided. As has long been knuwn, 
the c(»rrect delimitation of this formation is a matter attended with 
some difticulty. It has been thoufrht that the Laramie strata represent 
unbroken s«»dimentation fn>m the Cretaceous into the Eocene. Cross. 
Kidrid^e, and Hills, have shown that thert* is in Colorado a series of 
post-Laramie beds of considerable e.\tent, which are sc'parated from the 
true Laramie by marked unconformity. It has been found that many 
of the plant remains, supfiosed to repri'siMit the Laramie, in reality be- 
lonjr to the Denver and correlated beds. The necessity of a careful re- 
vision of these forms has been insisted on. Similar beds and relations 
have been found in Canada. These facts impart a considerable interest 
to the results obtained by a study of the intervening Montana field. 

In brief. Mr. Weed finds near Livin^ton, Montana, overlying the 
coal-b«'arinj; Laramie strata and underlying the Fort Union beds, avast 
si'ries of sandstones, grits, clays, and agglomerates, aggregating some 
7,000 feet in thickness. This stories is si'paratiHl from the true Laramie 
bv unconformitv. and is characterizeil bv a distinct flora. It consists of 
upjM^r and h>wer b«Kls. betwt»en which is intercalated, over a iwrtion of 
the field, a 2.000 Uioi bed of suba^^rial. volcanic agglomerates, compased 
mainly of tindesitic lavas. 

The evidence of unconformitv consists of observations bv Dr. A. C. 
Peale near Sphinx mountain, when* the b«Hls n»ferred to the Livingston 
wen* seen to rest in angular unconformity uix)n the Dakota sandstone: 
certain irregularities in the thickness of the Laramie; and the presence 
in the Livingston of |H'bbles derived frt>m all the earlier formations, 
whereas the Laramie contains Archean debris only. Frt>m these obse^ 
vations it is infern'd that when the Laramie beds were being deposited 
Archean land only was exix>sed, but that before the Livingston epoch 
the land was elevattnl and during that epoch all the earlier beds were 
undergoing en»sion. The debris, mixed in part with audesitic lavas 
from the neighb«^ring volcanoes, was laid down in an inland lake. 

Mr. Knowlton has cart*fully revised all the plants from these beds: a 
work of considerable diflicultv and necessitv. In all he finds some 44 
species. Of these o are new. and 11 are not found elsewhere. Of the 
r«*mainder 22 an> Livingston forms. 2 Laramie pntper, and 4 common to 
both. Of the 22 s(K^cies having distribution outside of this area, 17 are 
exclusively IVnver forms or have their greatest development in that 
formation. 

The Fort Union beds are recognized as Kocene on both stratigniphic 
and imleontologic data. ii. f. b. 

lit*>hnjy nf tht liiij St 'UK frtift f^iiiit Fuld of Vinjihiti and Kentucky. Hy 
Mahus K. Cami'HKI-L. il'. S. (iiol. Surv»*y. Hullt>tin 111. 100 pp.: C 
plates, ami W tliTurrs in ih<' text. ISIU. Price, l."> cents.) The area 
stmlied ami ilisrriheil in ihi> ri'|H»rt is on»* which, although long famous 
ill )ii>tt»rv an«l mor*- reo« ntlv familiar to the tourist, has been almost 
iniknv»\vM i:rolo::u*allv. Th«' I'arboiiiferous strata of Pennsvlvania. Ohio, 
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and portions of West Virginia and Alabama, have been studied in con- 
siderable detail: but outside of these regions little detailed work has 
been done in the Appalachian coal basin. The Big Stone Gap coal field 
is one of great economic possibilities. There is present a very full sec- 
tion of the Carboniferous series, aggregating 7,000 feet in thickness. 
The author has recognized seven different formHtions. to which local 
geographic names have been given as follows, in their descending order: 

Harlan sandstone 880 feet. 

Wise formation 1,270 ** 

Gladeville sandstone 100 " 

Norton formation 1,280 " 

I^e conglomerate 1,200 to 1,000 ** 

Pennington shale 900 to 1,100 *' 

Newman limestone 930 ** 

These are apparently differentiated on their lithologic character and 
order of superposition. The Ilarian and Gladeville sandstones and the 
I^e conglomerate serve as key rocks in the interpretation of the com- 
plex faulted structure. Four productive horizons are recognized: (l)at 
the base of the Harlan sandstone; (2) directly above the Gladeville 
sandstone; (3) in the Imboden and Crab Orchard basins at a lower hori- 
zon extending from the Imboden to the Caniial seam; (4) in the Guest 
river basin the productive horizon extends from the Imboden seam to 
within 200 feet of the Norton formation. 

With the vast unstudied regions intervening between this and other 
fields of known stratigraphy, it is recognized that for the present the 
Big Stone Gap section must stand almost wholly alone and only general 
correlations are now possible. The Lee conglomerate can be pretty 
closely correlated with the Pottsville series; the Pennington shale and 
the Newman limestone represent the Mississippian series; while the 
Gladeville and Mahoning sandstones are pn)bably equivalent, as may 
also be the Harlan and the Wanesburg. Accepting these correlations 
the following interesting comparisons become possible: 

W. \^a. Big Stone Gap. Cahaba. 
Permo-Carboniferous M«2 880 480 

Intermediate measures 2,098 3.«r)0 3,240 

Conglomerate 1,400 1,500 1.765 

The report is illustrated by a geologic and topographic map, and by a 
unique contour map of the upper surface of the Gladeville sandstone; 
the latter is designed as an especial aid in the location of the coal seams. 
In connection with this bulletin it is of interest to read a recent pa- 
per* by the same author in which the history of the drainage system of 
the region is admirably elaborated. ii. f. b. 

The Olaciation of the YellowHtone Valley north of the Park. By W. H. 
Weed. (U. S. Geol. Survey, Bulletin 104. 41 pp.: 4 plates. 1893. 
Price, 5 cents.) From the extensive system of alpine glaciers covering 
the greater part of the Yellowstone National Park, a valley glacier is 
found to have reached 30 miles northward down the Yellowstone river 
•Am. Jour. Sci., Ill, vol. xlviii. pp. 21-29, 1^4. 
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beyond thi» Park bouinlnry. **Throujrhout the entire field the higher 
mountain peaks n>s(* alKive the n^ve fields, thoug^h the high plateaux 
and broader mountain summits show considerable glacial abrasion and 
were unquestionablj' covered by moving ice." The evidences of the 
glaciation are, as usual, rounded and striated rock surfaces: the broad- 
ening of cafions: transportation of boulders, sometimes from lower tu 
higher elevations: the formation of moraines, kames, and valley gravel 
deiH)$its. remnants of the last b«Mng now conspicuous river terraces: and 
the cutting of cafious transverse to the mountain slopes and drainages 
in frtmt of the glacier's termination. A very striking contrast is notice- 
able bi'tween the glaciated and unglaciated jxtrtions of the regkiD. 

w. u. 

The PaUozoir Sertion in the rinnity of Three Fork*, Montana. By A. C. 
Peale. With PetrograpJUe Nifte*^, by G. P. Merrill. (U.S. Geol. Sur- 
vey, Bulletin 110. 50 pj).: « plates, and two figures in the text. 1883. 
Price. 10 cents.) The 8«*ction here described, between the East Gallatin 
and Missouri rivers, consists of CarlH>niferous, Devonian, and Cambrian 
strata, as determined by their fossils, aggregating nearly 10,000 feet in 
thickness, thrown int(» steep, northwestwardly dipping folds, and rest- 
ing on Archjean gneiss. Mr. Merrill describes rock specimens from the 
Archwan ba.st» of this section: from the next overlying lUAx formationof 
micaceous sandstones and conglomerates, slaU's, and bands of silicious 
limestones, rt*garded as of Algonkian age: and from intrusive sheets in 
the Flathead shales, the h»west member of the fossiliferous Paleozoic 
series and the <inly one of its six formations which is traversed by erup- 
tive mcks. w. u. 

Annual Report of the Geohf/iral Surrey of Atkanna* for 7^/(1804). ]V. 
//. cloth, pp. X and syj. J. C. Hranner, State Geologist, Little I^lck. 

This volume C(»ntains, with a colored geological map of Benton 
county, the following parts: The g«M)logy of Benton county, by F. W. 
Simonds and T. C. Hopkins: Elevations in the state of Arkansas, by J. 
C Branner: Observations on erosion above Little Rock. J. C. Branner; 
Magnetic observations, J. C. Branner: The Mollusca of Arkansas, F. A. 
Sampson; The Myria|x)da of Arkansas, by C. H. ]k>llman; The flshesof 
Arkansas, by Seth E. Meek: The geology of Dallas county, by C. E. 
Siebenthal: Bibliography of the geology of Arkansas, by J. C. Branner. 
The geology of Dallas county is accompanied by a contoured sketch- 
map of the county, the contour interval being iM) feet. x. h. w. 

Annual Report of the Geologieal Surrey of ArkanfiCL* for 189 J {18i^). Vol 
II, cloth, pp. jri and JtJ7. .T. C. Bkanxek, State Geologist, Little Rock. 
The Tertiary (itohigy of nouthrrn ArkannaM, by Gilbert D. Harris, with 
u C(>k)red gcologicHl map. In a iH*culiarly difiicultand unfavorable re- 
gion Prof. Harris has succeeded in making a valuable contribution to 
th«* gi'ology (»f Arkansas and adjoining stales, in which all students of 
the .American (Viiv)y.()ic will lake iiit»»resl. The F^ocene .series is made to 
consist of ihi' following parts, in descending order: .lackson stage, Clai- 
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bcirnc stuge, Lignitic Rtage, and Midway stage. **all capfK^d by shore de- 
pusits, some of which evidenth* date back to the age of the underlying 
beds, while others have been subsequently re-arranged. The orange 
Band of Hilgard, in part at least the Lafayette formation, as understood 
by McGee." Much of the re-arrangement mentioned **presum ably took 
place before the close of the epoch represented by the underlying strati- 
fled beds.*' N. H. w. 

TA« United States; facU andfiyyre4it iUuHtrating the phynral geography of 
the country and iU material rewurees. Supplement 1. Population, immi- 
^ration and irrigation. By J. D. Whitney. (Boston: Little, Brown & 
Company-. 8vo, xxvii and 324 pp., 181)4.) This volume is considered a sup- 
plement to that which was issued about ISJK), which was a corrected and 
enlarged republication of Prof. Whitney's article originally written for 
the Encyclo[)edia Britannica. The present volume contains scientific 
and statistical information made available through the census of 1800, 
with concise statements of various scientific and economical problems 
involved in the increase and distribution of the population, the influ- 
ence of irrigation and the possibility of changing the climate by the 
agency of man. It is specially full on irrigation. The author gives 
general descriptions of the various irrigable areas and considers the 
adaptability of each to methods by reservoirs or by artesian wells. This 
implies a discussion of their geological character and of all their physi- 
cal features. The author reviews various irrigation reports, and gives 
lists of all government reports on irrigation. n. ii. w. 

Th£ ProceedingH of the Indiana Acadeiny of Science for 1893 (pubVinhad 
Aug., 1894) contains (wo papt»rs of interest to geologists: one a bibliog- 
raphy of the geology of Indiana by Prof. V. F. Marsters and E. M. 
Kindle, Instructor at the Indiana University; and the other a paper 
by Prof. R. Ellsworth Call, upon the indurated Tertiary rocks of 
northeastern Arkansas. The bibliography will be found useful to geol- 
ogists outside of the state as well as inside of it, for besides the usual 
authors* list it contains topical heads, such as coal, gas, oil. Quaternary, 
etc. In some cases the arrangement of titles is a little confusing, as 
where "Dubois county'* is followed by a subdivision of the bibliography 
under the head of "Economic geology,** and where "Stone** is followed 
by "Elkhart.** This, however, is probably only a typt>graphic error. 
The authors of this valuable pa[)er will find a few additional titles in the 
annual reports of the Indiana State Board of Agriculture (e. g. 1853, pp. 
299-332), and in Owen's "Reconnoissance" made in 1837, and published 
In 1850. 

The subject of estK»cial interest in Prof. Call's paper is that of sub- 
aerial or surface metamorphism. The .sandstones of Crowley's ridge 
in Arkansas are, for the most part, very soft and friable, but they wer«» 
found by Call to have been changed locally into the hardest kind of 
quartzites. In hand specimens, and even in the field, these rocks re- 
semble Paleo/.oic (juartzites so closely that such an excellent observer 
as Dr. Owen mentions them in his "first survev" of Arkansas as Paleo- 
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zoic. The work done by Prof. Call shows that these sandstones are 
T«»rtiary, and that the c|iiart/ites are local variations of them. HywhU 
process this chanj|;t> has come about the author does not attempt to ex- 
plain. A microscopical examination of the rock might throw sone 
light on the subject. 

P>tabli.shcd in 188.'). the Indiana Academy of Science has grown at a 
remarkable rate. At the head of its list of members st^ands thenameof 
the astronomer Daniel KirkwcMxl. and this is followed by those of 
Jordan, Mendenhall, Gray, Camplx^U. Coulter, Gilbert, Rvermann.anda 
ht»st of others tHpially well known. It is hoped that with this third vol- 
ume of its Pn^ceedings the Academy has passed its 'Vsecond summer,*' 
and that it will U; able to maintain and impmve a publication which 
reflects so much credit \\\yo\\ the whole state of Indiana. J. c. b. 

Some Typietil Knkern of southern New England. By J. B. Woodworth. 
(Proceedings of the Bost4>n Society of Natural History, vol. xxvi,ppi 
197 220, with five figures in the t^xt: April, 181M.) This pajjer descrihes 
the physical features and discusses the origin of eskers examined by the 
author during his work of mapping the Pleistocene de|x>sit« of portion 
of Massachusetts, Khtxle Island, and Connecticut, for the U. S. Geolog- 
ical Surv«*y. The term e^tkerft is employed to designate the elongated 
ridges of gravel and sand, often serpentine in their courses, which weie 
de]x>sited in channels of drainage uiK)n, in, or beneath the waning ice- 
sheet; while the term kamett, in accordance with the suggestions of 
Chamberlin and Mc(>ee, is restricted to mounds and disconnected short 
ridges of similar gravel and sand, probably marking the mouthsof small 
glacial streams and usually associated with moraines or with plains of 
stratified drift. The eskers are mainly referred by Mr. Woodworth lo 
a subglacial origin, although he believes that in some instances portions 
of their courses indicate de|M>sition in a channel open to the sky, where 
Xhe ice roof had been melted through. Bibliographic references are 
(piite fully noted, with quotations of the views of pn?vious writers on 
this subject, some of whom, as N. H. Winchell, Upham. and Hoist, 
think eskers more commonly to have been su[)erglacial, being deposi- 
ted in ice cailons and deriving their material from englacial and (inaily 
superglacial drift. Highly significant recent studies by Barton of chan- 
nels on drumlins in Massachusetts (Am.' Geologist, March, 18W, p. 23*, 
and Am. Jour. Sci., Oct, 1804, p. 340) seem to prove that many cske^ 
forming streams were suiJ4'rglacial or englacial and could not have been 
subglacial. w. r. 

On thi' DUtribution of KarthtjunkeM in the United States nnee the ctm ^ 
the (rbiriiil period. By X. S. SiiALKit. (Pn)ceedings, lk>ston Soc. N«t. 
Hist., vol. xxvT, pp. 24<>-2r)(): read .Ian. 17, 181)4.) l^mlders lyinp in un- 
stable iK)siti()iis (Ml llie rocky shores of Maine and northeastern Massa- 
chusetts, occasional pinnacles of rock spared by erosion and liable to b^ 
easilv thrown down, and the steep hillocks and ridges of loos*' jrlac'*' 
jrravel and sand callrd kames, all occurring in the New England slates 
near the sea lev«-l arul within reach of the great wave which woiiM bi' 
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produced by a powerful submarine earthquake, show that no such wave 
has swept upon that coast since the Glacial pt»riod. On Lonj? Island and 
south to Florida the extensive beach ridjres of sand, separated from the 
main shore by long and shallow bays and sounds, are also shown by 
Prof. Shaler to indicate similar long immunity from earthquake sea- 
waves. Likewise through large regions in the interior of the United 
States, the occurrence of delicately poised boulders, and, south of the 
drift area, the unstable rock-cliffs and columnar or tower-like rem- 
nuDtsof eroded strata, and insecurely pendent stalactites in caverns, tes- 
tify of long quietude, unbroken by earthquake shocks, at least during the 
**ten thousand years or more" since the Ice age. w. u. 

The Oeographicnl Derehpfnent of AUurial Ricer Terraeen. By R. E. 
DoooB. (Proc. Boston Soc. Nat. Hist., vol. xxvi, pp. 257-273; June, 1894.) 
The processes of fluvial deposition and subsequent erosion, leaving rem- 
nants of old flood-plains as terraces on the sides of the river valleys, are 
here reviewed, with consideration of the geographical cycle and devel- 
opment of a normal river, and a classification of alluvial terraces ac- 
cording to the variable conditions of their origin. In glaciated regions 
the abundant stream terraces of stratified gravel, sand and clay have 
been sculptured, and in large part rede[x>sited again and again, from the 
original flood-plains supplied by the drainage of the ice-sheet during its 
departure at the ch)se of the Ulacial period. The Connecticut river val- 
ley, rendered classic by the early work of E. and C. H. Hitchcock for 
the geological surveys of Massachusetts and Vermont, and later more 
fully described in its northern part for the survey of New Hampshire, 
has along most of its course two, three, four, or more of these terraces 
on one or both sides of the river. Usually drift-bearing countries have 
undergone some differential elevation since the weight of the ice was re- 
moved, and each terrace is thought by the author to show a temix)rary 
level of the stream during a time of rest or slackening of the uplift, 
while the escarpments or steep fronts of the terraces are regarded as 
evidence of intrrmittent stages when the upward movement was more 
rapid, causing the streams to cut down their channels. w. u. 

lltf Prefflari/fl ('/ninutl of f/ie (h'ncHe^" rirer. By A. W. Grabau. (Pro- 
ceedings, Boston Soc. Nat. Hist., vol. x.kvi. pp. H.^U-SOl), with maj); 
read May 10, 1801.) The (ienesee river above Portage ville, N. Y., flows 
in a broad preglacial vnlley. Next the rivrr has cut a narrow and very 
picturesque rock gorge for about 25 miles to Mt. Morris. Again it flt)ws 
thence nearly to Rochester in a large preglacial channel; but in the city 
of Rochester It a s«'cond time enters a deep jKislglacial rock gorge, seven 
miles long, descending into it with three falls. Above Mt. Morris the 
second broad valley is occupied by the Caneseraga creek; and farther 
west the Oatka creek, another tributary of the Genesee, runs in a paral- 
lc!l i)reglaclal valley. The connection of these valleys with their proba- 
ble preglacial continuation along the Irondequoit river and bay (d«\s- 
cribed in tho Am. Geolooist, vol. v, pages 202-207, with map, April, 
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1H00>. to lh«* pn*s**iil un-a nf laktr ODtnrio. has not be«?n d»»8nitHy tracpil, 
because lh«» iniervHuinir an^as ar»? h»»avilv d rift -co v#? ret!. 

It seems probable that somf estimate of the length of the Postplifiil 
peri<Kl may be derived from the rale of recession of the Genesee falls at 
Kf>chester, as in the similar cases of the falls of Xia;Erara and St. Antho- 
ny. Further litrht also on this question may be expected from meas- 
urements of the volume of the Genesee ^►rge above Ml. Morris, with 
consideration of the manner and rate of its erosion by the river. Th«f 
problems may well b*' n'commonded for practice in field work by special 
students in jr»^.»l<ijry . w, c. 

Thr frrtiniUM of f%rH rtntntyiti ntfrt/irantrrn Maryland. By G. P. GiUMa- 
LKY. < A thesis accepted for the depree of Doctor of Philoi:o{ihy by ihe 
Johns Hopkins University. .Tune. 1894. 50 pp.. .*{ pis.. 1894. Published 
originally in the .lour. Cincinnati Soc. Nat. Hist., .April and July, 18M.) 
This pa|MT descrilx's the granites of that part of the ancient crystalline 
area of Maryland which lies on the east bank of the Susquehanna river 
and just south of the P<'iinsylvania line. Toward the north the granite 
comes in contact with the gabbro of the reffi«)n; here the formt^r rock 
N'comes mor«> basic and in places apiM^ars to grade into the latter, but 
elsewhere the granite iss**en to l)e of later date than the gabbru. The 
granite is s^qMirated into two an*as by a belt of staurolite mica-schist; 
the northern (Kolandville) area e.xhibits striking mineralogical changes, 
the most prominent of which is the extensive development of epidute; 
the s(»uthern (Port ]>e|)o^it) area shows crushing and shearing, and the 
n>ck has become a pronounced granite-gneiss. The bell of staurolite 
mica-schist shows a complete alteration of the staurolite loan aargregate 
of muscovite, chlorite, and (luartz. S'paration of the heavier constitu- 
ents of the granite soils by us«.' of the ordinary miner's pan, a method 
employed with success by lK»rby in Jirazil and by others, brings to light 
a number of the less common minerals of the parent rock. r. s*. c». 

Oh the f'ambrinn Formation of tJw EattUrn Saft Range. By Fritz NoKT- 
LiXG. (Records of the Geohjgical Survey of India, vol. xxvii, pi. 3, pp. 
71-86, pi. i. 1894.) 

That there should, to all ap|H*arances, b«* such a dearth of pal.Ttmtol- 
ogists in the United Kingdom as to comp«'l the government to turn to 
the continent for men of this kind for its Indian Geological Survey, has 
t>een a matter of frequent comment and s^ime heartburnings. The 
combination of stratigraphical geologist and paheontohigist seems, la- 
mentably, to be somewhat out of fashion, and the predominance of ana- 
tomical and phylogenetic paljeontoloi;ists among English students ni«y 
havi' be«-n the principal reason why the l)jr»*clorship of the I ndinu Sur- 
vey invitnd professor W. Wauiren. of Prague, and Dr. Fritz NcH'tling. *" 
Stnissburg. to un<lertake its paheonlological work. If the English l»l***" 
ontologists fell at all "raw" over this, it may have given some of thf 
more sinf\il of them a delicious, if slight, tingle of satisfaction when the 
distinguished (ierman savant described, in the impressive tomes of the 
"Paheontologia Indica." a fauna comiK)sed of inarticulate brachiop**'*' 
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of v«*r3' primitive and distinctly Cambrian types and witii stout argu- 
ments maintained its Upiier Carboniferous Age. It is some time since 
Waagen revised this opinion, with the aid of trilobites subsequently 
discovered in the same rocks by the EnglivSh members of the survey, who 
had found the brachiopods and had regarded them of Silurian age. 

The history of this discussion is briefly reviewed by Noetling in this 
l>a|)er, and the author, in the light of some additional discoveries, dis- 
sents from all of Waagen's later conclusions in regard U) the Cambrian 
faunas. No<*t ling proposes the following subdivision of the Salt Range 
Cambrian, in descending order : 

4. Hhaganwaila group, or salt-crystal pseudomorph zon**: 

3. Jutana group, or magnesian sandstone: 

2. Khussak group, or Neobt)lus beds; 

I. Khewra group, or purple sandstone. 

The Khussak group alone contains fossils and is th<^ oldest fossiiifer- 
ous formation of the Salt Hang<*. Noetling makes a five-fold division 
of it: 

V. Zi)ne of Olenellus sp., with *'brachioi)ods belonging to the family 
of Trimerellidje" {Lakhmina f) and probable fragments of OlenelluH. 

IV. Zone of Neobolutf icarthi. 

HI. Upp<*r annelid sandston«*. 

II. Zone of IlyoUtheji tci/nnii, with Neobolus't sp. and small trilobites. 
I. I^)wer annelid sandstone, with Ilyolithen and some ''bivalves.'' 
The position, in the series, of th(; trilobites which determined, for 

AVaagen, the Cambrian age of the fauna, viz., (hnotephaliteM irnrthi and 
OUnuM f indit'UH W.. is uncertain. It is stated by Noetling that they do 
not belong to the genera to which they were n^ferred. and the two writ- 
ers are at open variance in their intt^rpretation of the fauiial succession, 
a difference which cannot be adjusted without "another candle.*' 
Meanwhile tlie foreign members of Dr. King's survey are "out." 

On the Orrurrmn. of C/n'pped (.') FlintH in thr Upper Mioane of Burma. 
By FiiiTZ NoETMNO. (Records of the (ieological Survey of India, vol. 
XXVII, pt. 3, pp. 101-108, pi. 1, 18J)4.) 

The flint flakes described were found by the author him.self in a fer- 
ruginous conglomerate in the Yenangyoung oil-field, containing re- 
mains of lihinocrron and Ilippotherium. The flakes figured certainly 
suggest human workmanship, and as to their nature the author says: 
**l do not want to (express an opinion; all I can say is. that if flints of 
this shape can be [)roduced by natural causes, a gcM)d many chipped 
flints hitherto considered as undoubtedly artificial products are open to 
grave doubt as to th«*ir origin." j. m. c. 

Cone-in- Cone.: how it orrnrt* in the Deconinn Merieu in Penntiylraniii, with 

further detaiU of itn ntrurture, rarietieM, etc. Hy W. S. (iKKSi,EY. (Quart. 

Jour. Geol. Soc, I-iondon, vol. .lO, pp. 731-731), with plates xxxvand xxxvi, 

Nov. 1st, 1891.) In the Portage beds of northwestern Pennsylvania the 

cone-in-cone structure is shown to be a product of alteration. It occurs, 
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as ftivviuiisly (>bs«TV(*d. nlonsr a wry |M>rsist4fnt h<irix4)ii. known as the 
Ffrrifenuis limt'Stoiic. usually S4fVi*rMl feet thick, but occasionally thin- 
ninir down to ftnir inches or If^s. and in these* thin and shaly portions 
the cone-in-cone formation isconspicu<»uslydevelop*Hl. Several hundred 
feet lower in the series the author has found typical cone-in-cone at 
numerous horizons of interbeddt-d thin sandstones and shales. The 
cone-in-cone occupies |mrts of the shaly layers, and is distinctly calca- 
r«^)us. dilTerin^ in this respect fn>m the contiguous strata, so that this 
peculiar struct un> ai>pears to be due to concretionary action, underpres- 
sure, gathering the carbonate of lime and partially expelling the clayey 
matter. Klsewhen* the calcareous matter has been sometimes replaced 
by hematite, limonite. pyrites, marcasite. and ferruginous quartz. 

w. r. 
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CORRESPONDENCE. 

Xote ox "Xaxno." The descri|)tioii of this remarkable typeof ceph- 
uIoikkI, by J. M. Clarke, in the October A.MKRrcAN GKOhO(»isT. from the 
TnMiton limt'Stone of Minnesota, has interesli'd me very much, since 
formi'rly I collected specimens of the same species near Minneapolis. 
This ty[>e of cephaloi>od is not new, however, having been previously 
found by (ierhard Holm, who in 1885 described and figured Enfixtc^raH 
belt'.mnitiformr, a very similar sjx^cies, from the Silurian of the island of 
Oeland and of Estland [Eslhonia]. (See Holm. ''Ueber die innere Or- 
ganisation einiger silurischer C«'phaloiH>den." in Paheontologische Ab- 
liandhingen, von W. Dames und E. Kayser. vol. H, pt. 1, p. 4. and plate 

!]-_[• 1 

[♦The final paper by Prof. Clarke, as contributed to the reports of the Minnesota Geo- 
logical Survey, now in press, refers fully to the work of Holm, and states that, notwith- 
standing his reference of this form to Kndoceras, it is quite different and worthy of a 
generic rank.— Eds] 
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Endaceras belemnitiforme Holm presents the same jreneric characters 
H,H Nanno aulema C\fiLt\Ki\ In the belomnite-Iike specimens (Holm, Khj. 
cit., pi. I, figs. 5a-5c, and Clarke, loc. clt., pi. VI, figs. 5-7) the apical 
cone represents, according to Holm, the initial chamber of the Endocr- 
ra^: the contracted surface, the first septum; and the elongated portion, 
the siphuncle. The thickened wall or **apical solid cone," as described 
by Clarke, is noted also by Holm in E. belemnitiforme (loc. cit., p. 8. pi. 
I, fig. 2); and that the sipho is also in contact with the ouU^r shell, and 
even fastened to the same, is both described and figured. 

Very interesting is the interpretation made by Holm of this sfieciesof 
Endoreraa, the only sjwcies of which the initial chamber was known, 
and in the structure of which he finds the suggestion that the initial 
chamber and the sipho of Endocernn species with large siphos served at 
first, and to a great e.xtent continually, as a visceral chamber. From 
the characters presented by this species, Holm thinks that the Endoce- 
ras type is the primitive fossil cephalopod, and that the Tetrabranchi- 
ata were yet earlier derived from forms having an open conical shell 
without septa or sipho. The striking similarity between E. betemniti- 
forme and Nanno anUma permits exactly the same interpretation from 
either. 

The "siphonal cone," as com[K>sed of .siphonal sheaths described by 
Clarke, is, on the other hand, not observed by Holm; but, according to 
Holm's interpretation, it might be expected that the shell at the apex 
would be continually thickened while the initial chamber and sipho 
were still occupied by the viscera. The existence of such a structurt^ 
seems to supi)ort the theory given by Holm,* that the primitive Tetra 
branchiata filled the entire conical shell; that afterward, following ex- 
tended growth of the shell and elongation of the animal, an air chamber 
t'nclosed by a .septum was formed ujion one side of the animal: and that 
by the formation of a succes.sion of similar septa- originated the elon- 
gated sipho. This, which was occupied by part of the viscera at first, 
as in .some species of Endocern«, has, in the cephaloptwls with small si- 
phons, been reduced to a narrow, |)erhaps functionless structure. 

The name Nanuo, which is seemingly an inappropriate one for a ge- 
nus of CephaloiKxla, i.s, according to other authors, only a synonym for 
Endoceran: but the new si)ecies described is of great interest. 

Fkedkkick \V. Sahdeson. 
Geoloffittch-mineralogincJifH Jnstitut der UnirerHiUit , Frriburg i. BiuUn, 

Oct 20, isn. 

Evidence op Siperolacial Eskekh in Illinois and northward. 
The papHjr by Mr. J. 1^ WikkI worth on the origin of eskers. noticed on 
\m^e 390, and the work of Mr. G. H. liarton on the same question, also 
there cited, with the discussion of surxTglacial drift by Prof. li. 1). 
:»alisbury in the last number of the Journal of (ieology (vol. ii, pp. 613- 
532, Sept. -Oct.. 1894), make this an opfK)rtune time for directing atten- 

- — — I ^ 

*See also Steiamann and Doderleia, "Eleraente der Falaontologic'* (1890). p. 349. 
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tioii t«i lh»' »*vidHncfS •»f thf fnrmHtiiiii of the fsk»T> which have be»*n 
stiiilirHl in lllinttis. Iowa. MiiinfSi.)ta. and Manittiha. hy *^upen|:lHcial 
sin-ains. 

Wht-n* i'>k»*rN (osarsi haw b»*»'ii »'Xi»lor»HJ hy Mr. L«"wr»Mt in Uliiuiis 
and ailja('»'nt slates. th»\v an* found, as descrilw-d by Pmf. Chamb<*riin 
in ihi'.Ioiirnal of (ifolo^y «vol. i, pp. 2<>«», *i«>7. April-May. l-SSiHi. to vary 
in lent'tii from a few miles ti» alxiui Hfjy miles, and to lie often as ii,ir- 
n>w ;rra\f 1 and >and ridtres in with* river-like channels cut into tht* ir**n- 
eral she»'t of till, hut (o ha\e ascents and <lesc«Miis o\er prt-senl water- 
shetls. It isihiisset-n thai tliese etkers wer»' deiMisitiHl bv ic«.'-walh*<l 
str»'ams. either siibsriacial. enirlacial. or su|»eriri acini. While Pn)f. 
Cliaml>erlin. in the |»a|H»r cited, reiranls them as pnibably subtrlacial. a 
ditfer»'nt e\ plana! i«»n M-^'ms lo acconl with their su|)*>r^'lacial formu!i»»n. 
Fn»m the si^ep slopes adjojninir river valleys nr canons cut into the w:in- 
inif ici-sheet. its enirlacial and finally su|HTirlacial drift. exiK»s*Hl bv 
ablation when ihe ;rr»*ater part <»f the thickness of the ice then? had 
Immmi melted away, would slide down. «»r be washed down by rains and 
rivulets. inti> the stream l>eil, to contribute partly to the esker and to h** 
IMirtly C'lrried onward by the strt*am. Whi*n the ice whullv disappeared, 
a wi«* shallow tmuirh in the till and the esker ridire would have the n?- 
lationshij) descriU-d. 

In lt»wa the ]trominent pa ha or lo»*ss eskers describ«'d by Mc(fee<l'. S. 
iJtMil. Survey. Kleventh An. Kep.. for lSst>-'l>0. pp. i:i.V47I) are attributed 
chietly to su}ieri;lacial drainasre. derivinir the material uf the paha frum 
drift exfu^sed by ablation on the ice surface. 

In Minnesiita eskers are rather infre<|uent. The most notable are iu 
HridL'ewaier and Lake .lohanna t<)wnshi|)s. The former is an eskt-r 
s»*ries alvKit M'ven miles lontr. mapjwd by Pn>f. N. H. Wincliell. who 
shows its i»rii:in to have Iven by a su|t»'r:rlacial stream ((.itHilojiry »f 
Minn.. %•»!. i. ISM. pp. ti^lViMWh: and the latter series consists «»f several 
parallel ridi:«*s. mapiKnl by the present writer aiul similarly explaiiifd 
ivol. II. ISss. pp. A^\, 4I»0). 

The most conclusive evidence of the orisrin of the material of eskt-rs 
fn»m suiH-rirlacial drift I find in the esker called Hirtl's hill, at the sta- 
tion of this name on the I'anadian Pacific railway in Manitoba. s^'Vt'U 
milts northeast of \Vinni|>»-ir. This eski-r ha«l such relationship to the 
srlarial lake Airassi/., then* .'»<io f»M-t deep as s«K»n as the ice-sheet n'- 
ireat»-d. that its material is shown to have come fr.im a sc»mewbat 
•rreaier hijrlit in the lower jKiri of the ice-sheet, which attained probably 
a maximum thickness of .'i.inio f.-.-i ^r m«»re ab«»ve ihal reirion. if we 
m;i\ 'ud::*- fnim its ixUi-wn ihiekn»<> ujN.n N»'W Kiu;land and New York. 
Ci'ViTMi:: Mt. ^V.■l^iliI•.Jl.>lt ahd ili«- <ir»-»h and .\din»ndack mt»unlain>. 
It is ;"iii!lifr >-:ir!;» d. l>\ a nias*. iif ii!l t'a!i«-n ii!l»i the esker ijravel ami 
sand, ihai <• v-r.i' :*•■»: «'f • n::i:u;;al drift e\isii-d there ;%U>\e the alliliRb' 
i.f TiJMk ;. .■• ;' !:.. ...'.•. .«if..; Sr»r\'\ •■! Canada. An. Kep.. in.w series 
vdl. IV. •■ r >'"''*- 'v». pp. :i*^-4i» K.' 

X- . .■i»^.r\ i';.t> . f the »"*iv rs ..f bird's hilr ami the Pinnacle hills at 
K»'ei .^vr. N Y. IV'-c. lv'ohesi»T Acad.«.f Soi»'»ice. vol. ii. pp. 15>1-2'M 
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Jan., 1893), with my other and earlier studies of eskers in New Hamp- 
shire and other parts of New England and in Long Island, convince me 
that these remarkable ridges of modified drift were, in all the areas 
which I have studied, derived chiefly from englacial drift which had 
become superglacial, as on the Malaspina ice-sheet in Alaska, and that 
they were deposited in the canon-like lower courses of superglacial riv- 
ers. This indicates that the englacial drift, as shown by articles in the 
Am. Geologist for December, 1891, and December, 1892. and July, 1893, 
was of considerable amount in the lower part, perhaps for a fourth of 
the whole thickness, qf the ice-sheet. AVarren Upham. 

Nor. 20th, 1894. 

• 

An early Observation bearing on the History of the Great 
Lakes. The reading of Dr. J. W. Spencer's "Review of the History of 
the Great Lakes," in the American Geologist for November, recalled 
an observation made in the last century by Alexander Henry. He was 
an English fur-trader, artd in carrying on his business with the Indians 
journeyed from Montreal to Michilimackinac in 1761. The route taken 
was the Ottawa and Mattawa rivers, lake Nipissing and its outlet, 
French river, to Georgian bay and lake Huron. An account of his trav- 
els was published in 1809. The following extract from it shows that he 
recognized the former presence of waters at a different level along what 
is now regarded as for a time an outlet of the three upper lakes: 

"Leaving the Indians, we proceeded to the mouth of the lake [Nipis- 
sing] at which is the carrying-place of La Chaudi^re Franc^aise, a name 
part of which it has obtained from the holes in the rock over which we 
passed; and which holes, being of the kind which is known to be formed 
by water, with the assistance of pebbles, demonstrate that it has not 
always been dry, as at present it is; but the phenomenon is not peculiar 
to this siK)t, the same being observable at almost every carrying-place 
on the Outaouais [Ottawa]. At the hight of a hundred feet above the 
river, I commonly found i3«?bbles, worn into a round form, like those 
upon the beach below. Everywhere the water appears to have subsided 
from its ancient levels; and imagination may anticipate an era at which 
even the banksof Newfoundland will b«» left bare.*'* E. J. Hill. 

Chicago, Nor. 24, 1894, 
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The Geological Society of America will meet at Baltimore 
Thursday, Dec. 27, the assembly being in the geological labo- 
ratory of Johns Hopkins University. It is expected that 
Pres. D. C. Oilman will welcome the society, and that Prof. 
W. B. Clark will read a memorial of Dr. George H. Williams. 

•Travels and Adventures in Canada and the Indian Territories, between the years 
1761 and 1776. By Alexander Henry, Esq. Xew Vork. 1809. p. 31. 
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Mr. E. H. LiixsDALE, recently of the Iowa Geological Sur- 
vey, h«jii resigiicKl to aeeept a position on the Missouri survey. 

Mr. C. D. Walcott, director of the U. S. Geological Survey, 
has recently made a western tour to inspect its work. 

Prof. S. F. Emmons is to have general charge of the work of 
the L\ S. Ge«>l. Survey in the Ki)cky mountains region. 

Prof. G. F. Be<'krk, who hris made a reconnaissance of the 
southern Appalachian gold-fields during the past summer, 
will specially examine, with Mr. H. B. C. Nitze of the North 
Carolina Geological Survey, the principal mines in the central 
southern part of that state. 

William Topley, F. R. S.. long engaged on the Geological 
Sur^-ey of England, died Sept. 30th. 

A sPEi'iEs OF Oldham in ^ closely related to O. uikiiq^ta of the 
Cambrian rocks in Ireland, has been collected bv T. Nelson 
Dale at several l(H*alities in a belt of reddish shales west of 
the Renssalaer plateau, near Troy, N. Y. It is described by 
C. D. Walcott under the name OlJJMmia (Mtirrhisonites) oc- 
oiWeifjr, in the Proc. Nat. Museum, vol. xvii, pp. 318-315, 1894; 
and the formation is regarded as of Upper Cambrian or 
Lower Ordovician age. 

The GEOLOiJT of Dexvek axd its vk-ixitv is well summarized 
in a popular address, of 36 pages, by George L. Cannon, Jr., 
as the retiring president of the Colorado Scientific Society. 
A very remarkable epoch of erosion is shown to have marked 
the transition from the Tertiary to the yuatemary era, re- 
moving 1,000 to IMH) feet of horizontal strata from the site 
of the city of l>enver. followed by an epoch of deposition of 
river drift and K>ess. 

The New SciEsrE Review is a recently launched quarterly 
devoteii to the discussion of scientific theories and discover- 
ies. It d«H's not address itself to the specialist, but to the in- 
telligent public at large, and endeavors to present the results 
of recent work and thought in the various lines of natural 
and physical siMence. Two numbers have already been issued. 
It is ci»nilucttHi by J. M. St«Hidart. and is published by the 
Transaiinntic Publishing Co.. Now York < 63 Fifth Ave.) and 
London. 

Aroiso the Woklo fills a inK^k in monthly journalism whicli 
was Infort- entirely nosjlti'itd. It is devoted to geography* 
travv's. .Mv.il <oioTiot It i* r.*! p'^ndmnis like Harper's, nor 
prossair '-.kt' tiu- PoMi'.ar S^-it-r.or M- r.thlv. nor radical like th€:f 
Arona. I: iv |.ivr;.:v :!.>:r.:oi:vf ar.ii iiirhtlv scientific without 
diK'itav.tt '-i-^ l:> raci < Jtri -.•r-;M:!";;>'v edited and fault- 
lesslv |r::.:i vL \v • :'.< ::> iltja:-.: :.>.;-irralii«r.> are so profuse* 
ihat f:v»". :hc Tir<: p.t^t :» :i.t !;i<: :: :> a irallery of portrait^ 
• •f r.ai'.-.rt :t!". ot wi-.^'!" ^u-iiTVi- ti- K b.'iiiul !"gelher and pre- 
Hrviii. 
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American Crinoids. The first hundred pages of Wachsmuth 
and Springer's long expected monograph on American crin- 
oids have left the press. The work has developed greatly 
since first planned and has prolonged the time of its appear- 
ance much beyond the date originally set. The camarate 
crinoids which form the part now being issued are comprised 
in two large quarto volumes, one of text containing over 600 
pages, and the other of plates nearly 100 in number. The 
latter have been beautifully reproduced by the befct of modern 
processes. The work is issued by the Museum of Compara- 
tive Zoology of Cambridge ; and the edition is limited to 750 
copies. It embodies the results of what is doubtless the fin- 
est piece of paleontological investigation ever undertaken in 
this country; and it may be regarded as a model of modern 
methods. It is the outcome of thirty-five years constant and 
untiring effort; these two volumes constitute the first half of 
the entire work. When completed it will form one of those 
works which will be the standard of reference for a century 
to come. 

The Stanford University has recently obtained a cast of a 
vertebral column and ribs found fossil in a nlarine shaly 
sandstone formation of Miocene age, at an altitude of 1,400 
feet above the sea, near Koblar, California. The resemblance 
to man is very remarkable, but Pres. D. S. Jordan, of the 
university, thinks that more probably it was some species of 
sloth. Prof. J. P. Smith states that it might be readily pro- 
nounced a fossil man, if the rock formation were recent. "To 
be sure," he remarks, "a river might have brought the dead 
man, sloth, or whatever it was, to the ocean, and the currents 
might have carried it out, but it certainly seems more reason- 
able to suppose some aquatic creature left its imprint there.'* 
— San Francisco Examiner, Nor. 4- 180^, 

The glacial geology of Mt. Kenya in eastern Africa, sit- 
uated on the equator, about 150 miles east of the lake Victoria 
Nyanza, is described by Dr. J. W. Gregory in the Quarterly 
Journal of the Geological Society of Condon (vol. 50, pp. 515- 
580, Nov. Ist, 1894). The mountain attains a hight of about 
19,500 feet and covers an area of about 700 square miles. The 
existing glaciers, one of which is named in memory of the lat« 
Prof. Henry Carvill Lewis, descend to the altitude of 15,800 
feet. Former glaciation, at so recent a time that the striation 
of boulders and of the bed rock is retained wherever it has 
l>een protected by a covering of soil, reached 5,500 feet lower, 
or to 9,800 feet above the sea. Lake basins, moraines, rounded 
rock surfaces, and glacial stria*, attest the former envelopment 
of the whole upper part of Mt. Kenya by an ice-cap, of which 
the present glaciers are pun}' remnants. The cause of the 
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formtT great extent f»f the glaciers is thought by Dr. Greg<»ry 
to have been a greater altitude of the eountry including thii^ 
mountain : and he thinks that this e|>ein>genic uplift may have 
extended westward across Africa to the (ameroons mountains 
and to the mouth of the ( 'ongi» river, which has a submerged 
continuation of its valley to the depth of 6,<hKi feet beneath 
the sea level. The alpine dora fniind on the mountains of 
Al»yssinia, on Kenya, Kilima Njar«». and the CamerrK>ns. fur- 
nishes additional evidence that during a late geologic epoch 
this extensive continental area was a much higher plateau 
than now, having consequently a cooler and raoister climate, 
with a continuous dora similar to that which nc»w survives 
only upon the mountains. 

National Acaoemv of Siience>. The following papers 
Were read at the Autumn meeting, (k-t. 8u, 31 and Nov. 1, 1894. 
at New Haven: An indirect experimental I>etermi nation of 
the Knergy <»f Obscure Heat, William A. Rogers; Determina-< 
lion of the FIrrors of the Circles «»f an electrotype copy of 
Tychi» Brahe's Altitude Azimuth instrument now in possession 
of the Smithsonian Institution. William A. Rogers: TheWinne- 
b.igo C^ounty, Iowa. Meteorites, and the Meteor, Hubert A. 
Newton : Literal Flxpression fi»r the Motion of the Moon's 
Perigee, Gevirge W. Hill: Atmospheric Dust and Aqueous 
Precipitation in Arctic Regions, William H. Brewer: Further 
Researches on the Pi»lar Motion, Seth C Chandler: The Re- 
lation «>f tiravitv to Continental Elevation, Thomas C. Men- 
denhall : The Legal Units of Electrical Measure. Thomas C. 
Mendenhall : On derivinl Ei|uations in Optics. Charles S. Hast- 
ings: On a methtHl « if eliminating Sei-ondary Disperson. using 
ordinary silicate Glasses only. I'harles S. Hastings: The 
Chemical Nature of Diastasr. Thomas B.Osborne; Some 
Features in the Developnirnt of Brachiopods, Charles E. 
Betvher: On thr Presence nf IVvonian Fossils in Strata of 
I'arK'niferous Agi\ Henry S. Williams: On the influence of 
lns»>i:ition upon i'ulture Media, and 'if I>esiceation upon the 
Vitality of the Baciliu^^of Typh*«id. of the Colon Bacillus, and 
of ti;v Siaphylvv.Kvus aureus. John S. Billings; Report on 
Photographing Meteors. William L. £!kin: Biographical Me- 
m-MT "f F. V. Hayderi. «. har.es A. White: Geographical and 
H:t:v.y".t :r:o:i'. l>i>tr:':''.;:: r. •: r^i* IK-epSt-a Echini-Kierms, dis- 
«* vtr. • :* :•> A"., r! \4v. « :is:. -. ::•: 'f < tpr Hattera*?. AE. 
V.rri .. ' »*. t:u t :*?,-: ■: Prv>> > ::. Sr^adening Spectral 
I.-.'-. A A. Mi.-i.t - r ; K-. ::..-. rk- .iv-r. tht- progress of work 
•.V ■ .. }:.:•. :S- k :' : - Kr:» • : t via.^Nrjes Hal] : Note upon 
:"'.: i» r-v'.< :.-. I !».-:- .:; :. : ::- l^otysp-^nirida-in tin- 
l»:v :...i:. ;,:.,; « .^-V ••::«:: > K -i: :\:: :>. .Tames Hall : Infra- 
T-, vl Svt ':r/.:v. >. P. L.^v.^ :y. y\\\ a ^-crt^-.r. Theorem in The«>- 
r- :'. * 1 M-. .v.:t' :x'>. ^ W. G. "•':•>. 
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